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INTRODUCTION . 
Agriculture has contributed greatly to and interacted 
with economic growth in the United States. Particular char­
acteristics of this growth are development of advanced man­
agement systems, rapidly advancing technology which places 
a premium on change and further the mechanized process, and 
changes in the relative real prices of labor and capital. 
Collectively, these forces lead toward larger and more highly 
capitalized farming systems. Both machine technology and 
the decline in the real cost of capital relative to labor 
encourage the substitution of capital technology for man­
power in farming. Under technologies employing a large 
amount of capital, fixed costs ordinarily are large and are 
generally committed to a single enterprise but per-unit 
costs of production tend to be lower than for smaller scale 
operations. Lower per unit costs result from expansion of 
farm size and greater specialization so that machine tech­
nology can be better utilised. 
Other forces also encouraged the trend toward larger 
and fewer farms in the nation, as farm efficiency increased 
and new developments in technology occurred throughout the 
last half-century. Farmers used more nonfarm inputs and 
transferred more functions for product handling to off-
farm business. As efficiency improved further, profit 
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margins narrowed and more output was required to attain 
income levels deemed consistent with the standards of today. 
Public programs enacted to provide income to the farming 
sector and ranging from direct payments for nonproduction 
to farm credit appear to have been geared more to large 
units than to smaller ones (1, p. vii-viii). 
How far will these forces carry the farm industry? 
Are the economies associated with large farms great enough 
to merit sacrifices in other directions? These questions 
are vitally important to a nation now using only about 5 
percent of its labor and nonland capital for farm production 
and at the same time faced with major diseconomies in large 
population and urban centers. Still, the number of farms, 
the farm work force, and the entire population of rural 
communities continue to decline. To analyze this and re­
lated. problems; a basic question to be asked concerns the 
nature of returns to scale and the economics of farm size. 
The subject is one which is of interest not only to 
agricultural production economists but also to farmers and 
the general citizenry. Farm operators are interested in 
the nature of returns to scale from the standpoint ox 
profits; the nonfarm population is interested in farm size 
not only from the standpoint of efficiency of food produc­
tion but also from the standpoint of political and socio-
logical goals. At the farm level the operator must compare 
'a 
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the utility from (possible) added profits with the dis­
utility from taking greater risks or exerting greater 
energies in the management function. At the national level, 
society may choose between larger farms as a means of at­
taining economics in food production and smaller farms as a 
means of attaining sociological objectives and political 
stability. The extent to which one goal should be extended 
at the expense of another, either at the farm or national 
level, depends in large part on the nature of returns to 
scale in farming. If scale or size economies are very 
great, other goals may be extended only at a very great 
sacrifice. If scale economies are small or nonexistent, 
smaller farms might be used with little sacrifice in attain­
ing a more nearly equal distribution of farm wealth, politi­
cal stability within agricultural, and similar goals (7, 
^ ^ \ p. j'-i-y;-
Cost economies and diseconomies of farm size can only 
be examined by estimating the per-unit costs associated with 
farms of different magnitudes. By cost economies or cost 
diseconomies we refer to phenomena which cause unit costs 
to decrease or increase respectively as size of the plant 
and output are expanded (7, p. 361). 
Specific Problem 
Farmers, legislators, scientists and agribusinessmen 
frequently have different objectives and therefore have dif­
ferent concepts as to optimum farm size. The optimum farm 
size is not likely to be the same when the objective is ef­
ficient use of resources as when it is maximization of 
farmer incomes, minimization of consumer food costs, or 
securing production mainly or exclusively from family farms, 
Even for the same objective, the optimum size still changes 
over time» Determining the best size or scale is a dynamic 
task. The adequacy of any particular size or scale of 
enterprise or firm decreases over time because of changes 
that occur= It is only in terms of current knowledge, re­
sources, technology, and environment that a particular size 
or scale is in fact optimum or adequate. When some or all 
of these components change, as they most surely will over 
time, the impact may be sufficient to alter the dimensions 
involved in the optimum size (1, p* hO), 
Farmers have less than perfect knowledge, their ex­
pectations are not always correct, and there are time lags 
and discontinuities in the size adjustment they make. Thus 
decision-making must take place in an environment of uncer­
tainty = For example, farmers are quite uncertain as to the 
effect shifting from conventional ^ 0"-row machinery combina 
tions to recent 30"-row machinery combinations may have on 
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per-unit production costs and on farm income. Farmers are 
also uncertain as to what farm size and machinery combina­
tion can be used to realize the major cost economies avail­
able under current machinery technology. Of course, great 
uncertainty often surrounds commodity prices, trends in 
input prices and the technology they represent. These un­
certainties affect capital demand or use and hence farm 
size also. 
Uncertainty basically causes inefficiency for two 
reasons: (1) precautions which are taken to meet uncer­
tainty almost always necessitate a sacrifice. Therefore, 
they either result in a less-than-maximum product from given 
resources or coversely, do not allow a minimum cost for a 
given output, (2) both the individual farmer and the con­
suming society sacrifice when production is geared to in­
accurate expectations (7, p. $30). 
This study is designed to provide information on the 
effect of alternative farm sizes and recent machinery tech­
nology on unit production costs for cash-crop farming and 
to specify the resource combinations which can be used to 
attain the major cost economies available in North Central 
Iowa. Farm people in this area thus could use such infor­
mation to reduce uncertainty and thus improve their effi­
ciency as well as their income. 
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Objectives 
The major purposes of this study are to determine per-
unit cost relationship associated with farm size and var­
ious selected machinery combinations and to specify and com­
pare the resource combinations required to attain the major 
cost economies available with the current machinery tech­
nology in North Central Iowa. Cost functions are budgeted 
for both 30"-row and 1+0"-row machinery combinations based 
on various cropping systems and price levels in the study 
area. Cost curves are derived to describe both the cost 
relationships associated with farm size in the short-run 
and the major cost economies available in the long-run. 
The specific objectives of this study are: 
1. To determine the nature and extent of cost econo­
mies and diseconomies associated with farm size and various 
selected machinery combinations. 
2. To compare budgeting results on minimum average 
costs and minimum average cost acreage for various selected 
machinery combinations with various cropping systems and 
price levels on two types of farms. 
3. To compare residual returns to labor and land for 
farms based on different cropping systems and price levels. 
To compare the budgeting results of this study with 
actual resource allocations in the study area. 
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Although in this study we are concerned with the re­
lationships between farm size and cost economies or dis­
economies, we must also recognize that size of farm is also 
affected by uncertainty and capital availability. Mana­
gerial ability, risk aversion and capital rationing are 
important factors other than cost economies in determining 
an optimum size of farm. 
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THE STUDY MEA MD FARM SITUATION 
This chapter presents a description of the study area 
and farm situation. Three sections included in this chapter 
are: (1) soil association area, (2) the Humboldt farm and 
the Kossuth farm, and (3) specification of the cropping 
systems. 
Soil Association Area 
The cost curves developed in this study apply to the 
Clarion-Nicollet-Webster soil association area in North 
Central Iowa which occupies all or parts of 29 counties 
as shown in Figure 1. The topography is generally level to 
gently sloping, although some gently to strongly sloping 
areas are also present. The Clarion, Nicollet and Webster 
soils are the most extensive in the association (30). Most 
of the land In this soil association has a good corn suit­
ability rating (CSR). Mean corn yield per acre in this area 
was 105 bushels for the period 1967-1972 compared with the 
state mean of 97 bushels. The estimated attainable average 
yields with high-level management for selected soils and 
crops in Clarion-Nicollet-Webster soil-association area are 
presented in Table 1. These yields are believed to be at­
tainable with high-level management and normal weather con­
ditions for the 1971-75 period (5). 
CLARION-NICOLLET-
WEBSTER 
Figure 1. Soil association area of Iowa considered in this study 
Table 1. Estimated attainable average yields with high-level management for se­
lected soils and crops in Clarion-Nicollet-Webster soil-association 
area (5) 
Soil 
type 
no 
Soil tjrpe Slope Erosion phased phase" CSRC 
Estimated attainable yields 
Corn Soybeans Oats Hay 
bu/A bu/A bu/A I/A 
177 Saude loam C 2 38 71 27 57 3.0 
138 Clarion loam B 1 82 110 k-2 88 K.e 
138 Clarion loam B 2 80 107 4-1 86 4.5 
138 Clarion loam C 2 65 102 39 82 4.3 
138 Clarion loam D 2 55 93 35 7h 3 . 9  
95 Harps loiani A 0 63 % 76 h.Q 
55 Nicollet loam A 0 90 118 45 5.0 
6 Okoboji silty clay loam A 0 58 8^ - 32 67 3.4 
90 Okoboji slit loam A 0 60 86 33 69 3.|i-
274 Rolfe loam A 0 58 86 33 69 
107 Webster silty clay loam A 0 85 110 h2 88 M-.U-
11 Colo-Judson complex B 0 65 105 ho 60 
62 Storden loam D 2 h2 83 32 66 3.5 
*81ope phase ; A = 0-2#; B = 2-5^ 5 C = 2-9#; D = 9-1^#. 
E^rosion phase: 0 = no evident erosion, usually 12 inches or more of A horizon 
1 = none to slightly eroded, nc' evident exposed subsoil when plowed, 7 to 12 inches 
of A horizon; 2 = moderately eioded, usually 3 to 7 inches of total A horizon. 
''Corn suitability rating. The ratings and yields reported are for soil and 
weather conditions that exist near the geographic center of the soil-association 
area. Rating and yields of a soil type may vary within a soil-association area. 
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Within the soil association area, there are an infi­
nite number of soil mixtures. Each soil mixture produces a 
unique set of land restrictions to be used in the budgeting 
model. Since only a limited number of soil mixtures can be 
considered in this study, the specific soil mixtures chosen 
must be selected so that budgeting results apply to as wide 
a range of soil mixtures as possible. 
The Humboldt Farm and the Kossuth Farm 
In Iowa, soils could be classified into three different 
classes in terms of their CSR. Soils with a CSR of less 
than 70 are considered below average, soils with a CSR be­
tween 70 and 80 are average, and those with a CSR between 
80 and 90 are above average. From the sample soil survey 
conducted by the Soil Conservation Service and the Iowa 
Agricultural Experiment Station, we obtained detailed in­
formation about soil mixtures in the study area (37). A 
judgment selection of two quarter sections was made to de­
fine the soil-type mixtures to be used. One quarter sec­
tion was chosen from Humboldt county, the other was chosen 
from Kossuth county. We called these two samples the 
Humboldt farm and Kossuth farm respectively, and they are 
selected to represent the typical soil mixtures in the 
Clarion-Nicollet-Webster soil association area. The se­
lected sections and their locations are: 
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1. The southeast quarter section of section 2^  in 
township 92 north and range 27 west of Humboldt county. 
This quarter section has an acreage of 160. Among them, 
the Nicollet loam has ^ .^7 acres, the Webster silty clay 
loam has 63.9 acres, and the Clarion loam has 17.1 acres. 
The CSR for this quarter section is 81.6 which is slightly 
above the state average. 
2. The southeast quarter section of section 29 in 
township 97 north and range 29 west of Kossuth county. 
This quarter section also has an acreage of 160. Among 
them, the Nicollet loam has 1^ .2 acres, the Webster silty 
clay loam has ^ 2.7 acres, and the Clarion loam has 51.2 
acres. The CSR for this quarter section is 72.5» which is 
within the range of the state average. The soil survey 
summaries for these two quarter sections selected are pre­
sented in Tables ^ 3 and respectively. 
In future discussions, these two quarter sections are 
referred to as the Humboldt and Kossuth farms, respectively. 
Having selected the specific soil mixtures or quarter sec­
tions, the next step is the derivation of land restrictions. 
The multiplicity, size, shape and location of the soil sur­
vey mapping units prohibit considering them as fields or 
operational units. Consequently, these mapping units are 
aggregated into the following general units or fields; 
(1) cropland, (2) permanent pasture and (3) waste land 
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(homestead, roads, etc.). The two reorganized quarter 
sections are presented in Tables H-5 and ^ 6 in the Appendix. 
Specification of the Cropping System 
Having selected two specific farms or soil mixtures, 
the final step is the specification of the crop rotations. 
Corn, soybeans, oats and hay are the major crops included 
in the common rotations for farmers in North Central Iowa. 
The percentage of corn, soybeans, oats and all pasture 
acreages to total land in farms in Humboldt county, North 
Central Iowa and Iowa for 1961 and 1970 are presented in 
Table 4-7. From 1961 to 1970, the percentage of corn was 
maintained at around 36^ , while soybeans increased from 
21.7% to 31.9^ , oats decreased from 8.6^  to 2.9#, and hay 
decreased from 6.9^  to 2.8^  in North Central Iowa. 
The current cropping system and a continuous corn 
cropping system are the only cropping .systems considered 
I 
in this study. There are other cropping systems possible 
for this area, however, the cropping systems used in this 
study are most typical and feasible td farmers. The cur­
rent cropping system applied in the Humboldt and Kossuth 
farms is: corn 4-9.8^ , soybeans oats 3*5% and hay 
3.8^  as determined from 1970-1971 data from the Iowa Book , 
of Agriculture (18). The continuous corn cropping system 
assumes that nothing but corn is produced. This assumption 
is based on the fact that there are a number of farms in 
the central Corn Belt that are becoming specialized in 
growing only corn. And on most other farms in the Corn Belt 
where soybeans and other crops are raised, corn is the 
dominant crop (33)» 
A recent technological development, narrow (30")-row 
culture, has increased the alternative choices open to pro­
ducers. The advantages of narrower row spacings over wider 
(1+0")-row spacings include better use of radiation or 
light energy, more efficient use of water, and shading of 
weeds to reduce competition for moisture and nutrients. 
Thus, it is desirable to compare the cost curves between 
30"- and 4-0"-row culture. Available data shows that for 
planing purposes, a farmer should expect a 5 percent in­
crease in corn yields and a 10 percent increase in soybean 
yields by shifting from 40" to 30" spacing (25)» The compo­
sition of crops in rotations and resulting yields per acre 
for both the Humboldt and Kossuth farms are presented in 
Table 2. The yields presented require a high level of man­
agement and use of most-known technology. High-level man­
agement assumes all necessary inputs or operations arc near 
the optimum level. It is believed that the yields presented 
can be surpassed appreciably in any year, but only a small 
percentage of farms would be expected to achieve yields as 
15 
Table 2. Composition of crops in rotations and resulting 
yields per acre for both the Humboldt and Kossuth 
farms (no untimeliness losses assumed)®-
Corn Oats Soybeans Hay 
Humboldt Farm 
Current cropping system 
Acres per 100 acres 
of crop land 4-9.8 3.5 3.8 
Yields per acre 
ifO" row 110.6 bu 88.'+ bu 42.2 bu 4-.57 tons 
30" row 116.1 bu 88.4- bu 4-6.8 bu 4-.57 tons 
Continuous corn 
fields per acre 
40" row 110.6 bu 
30" row 116.1 bu 
Kossuth Farm 
Current cropping system 
Acres per 100 acres 
of crop land 4-9.8 3*5 4-2.9 3.8 
Yields per acre 
4-0" row 103.9 bu 80.1 bu 39.7 bu 4-.26 tons 
30" row 109.1 bu 80.1 bu 44.1 bu 4-.26 tons 
Continuous corn 
Yields per acre 
4-0" row 103.9 bu 
3O" row 109.1 bu 
S^ources: (5, 37). The yields require a high level 
of management and use of most known technology. 
much as 10 percent higher than those shown over a 5-year 
period (5). 
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BUDGETING PROCEDURES 
During the past few decades, budgeting has developed 
into a fundamental tool for economic analysis of family 
living, farm management, regional and national planning, 
and for use in short-run forecasts and long-run projec­
tions (•+). 
This chapter is concerned with the budgeting proce­
dures used to estimate the cost functions for different 
machinery combinations and farm size in North Central Iowa. 
Five sections included in this chapter are: (1) assump­
tions of the study's budgeting procedures, (2) selected 
machinery combinations, (3) costs of inputs and price of 
outputs, (^ ) timeliness of operation and (5) derivation of 
cost functions and cost curves. 
Assumptions of the Study's Budgeting Procédures 
In developing the various cost functions, we have made 
several simplifying assiunptions. The assumptions ares 
(1) The same set of machinery combination is used in 
both the Humboldt and Kossuth farms, when both farms follow 
the same cropping systems. In the continuous corn croppir^  
system, the machinery combinations are slightly different 
from those used in the current cropping system. 
(2) The same set of machinery combination has the 
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same effective field capacity in both the Humboldt and 
Kossuth farms, although these two farms have different 
corn suitability ratings. We further assume the farmers 
follow the same schedule of field operations in both farms 
when they are producing the same crops. 
(3) Our data on estimated average crop losses per 
acre from untimely field operations in this area are ex­
pressed in terms of bushels per acre except in harvesting 
sobyeans and corn. Thus we assume that average losses per 
acre per day late are the same in both farms for the fol­
lowing operationsÎ (a) corn planting, (b) soybean plant­
ing, (c) corn cultivation and (d) soybean cultivation. 
Untimeliness losses per acre of harvesting corn and soy­
beans per day late are 0.6% and 1.3% respectively of their 
yields. Since both farms have different yields per acre, 
the untimeliness losses of harvesting are different for 
two farms. 
0+) The farm operator pays current market prices for 
all inputs not produced on the farm. All crop yields are 
sold for cash at the price level specified. 
(5) The land and labor are unlimited in supply and 
the farm size can be expanded to achieve any economies 
without limitations of management. 
(6) The farmer owns the machinery and we rule out the 
possibility of custom work aiîd machine rental. 
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Selected Machinery Combinations 
The five selected machinery combinations, with the 
total investment for new machines, used as a basis of 
deriving per-acre costs are these: 
1. 4-row 
2, 6-row 
30" ($ 49,990) 
ko» (1 50,369) 
30" (1 66,039) 
40" ($ 67,346) 
30" ($ 79,237) 
40" ($ 78,883) 
30" ($ 93,275) 
40" (1 94,033) 
30" ($109,171) 
40" ($110,857) 
8-row 
h. 4-roW;^ —row 
5. 4-roW;6-row 
The first three sets of machinery combinations are 
1-man, 1-tractor combinations, and the last two sets of 
machinery combinations are 2°man, 2-tractor combinations. 
The purchase price of machines included in each set of 
machinery combination is presented in Tables ^ 8 through. 
2^. These prices are the best available estimates of 
total cost of the machines listed. The major sources are 
the National Farm Tractor and Implement Blue Book (27) and 
local farm machinery dealers in Central Iowa. 
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Costs of Inputs and Price of Outputs 
Total cost is divided into two components, fixed cost 
and variable cost. Total fixed cost are those which do not 
vary with the amount of use; include machinery depreciation, 
interest on investment, insurance, taxes and housing. De­
preciation is the decline in value resulting from wear, 
obsolesence, rust, and corrosion. From an accounting point 
of view, depreciation is the annual recovery of a prepaid 
cost over the useful life of the machine. The most common 
methods of calculating depreciation for taxes purposes are 
the straight-line method, the declining-balance method, and 
the sum-of-digits method. The Farmer's Income Tax Guide. 
published yearly by the Internal Revenue Service, explains 
these methods (in 20). 
The straight-line method is used in this study to 
compute average depreciation costs. The formula iss 
D - purchase price - salvage value ) 
number of years of use 
where 
D = average depreciation costs. 
The number of years of use estimated by the Agr-icultural 
Engineers Yearbook. 1963 (in 15) is given in Table 53 in 
the Appendix. The salvage value is assumed to be 10 per­
cent of the purchase price. 
Interest on investment is the annual interest charge 
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on the unrecovered cost of machinery. It is usually in­
cluded in operational cost estimates, since money used to 
buy a machine cannot be used for other productive enter­
prises. The interest rate adopted here is 8 percent on the 
average machinery investment (32). Average investment is 
determined as follows: 
A = s + 2^ = ^ (2) 
where 
A = average investment 
P = purchase price 
S = salvage value. 
Insurance also must be included as a cost of opera­
tion. Liability coverage should be included because 
tractors and other machinery may be involved in accidents 
resulting in liability claims. There also may be losses 
as a result of fire or high winds. Insurance is estimated 
as 0.25 percent of the purchase price of machines (15)• 
Taxes are normally considered as a cost of using ma­
chinery. Personal property taxes are estimated as 1 per­
cent of purchase price (20). 
Housing of machinery should be included as a cost even 
if housing is not provided. Some machinery repair costs may 
be increased as much as 20 percent while others may be in­
creased only slightly if machinery is not properly housed. 
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Some reports indicate that housing may increase the life 
of the machine by as much as 10 percent, which in turn may 
be reflected in the trade-in value (27). Housing costs 
are a function of the square fottage required to house 
the individual machine. Housing costs are estimated as 
1 percent of purchase price (33)• 
The annual total fixed machinery costs of five se­
lected machinery combinations used in current cropping 
system are presented in Table 5^  in the Appendix. The 
annual fixed machinery costs are $7,072, $9,^ 0^  and |1Q,9^ 2, 
respectively, for ^ -^ 0", 6-40" and 8-^ 0" machinery combi­
nations. The annual fixed machinery costs for 30" row 
are slightly less than those of 40" row as shown in Table 
5^ . 
Total variable cost which vary with the amount of use, 
include machine repair, fuel and oil, seed, insecticide and 
fertilizer, land rent and labor» The cost of repairs is 
an important cost as it may determine the point of re­
placement of a machine. Table 53? Compiled from data by 
Kepner et al. (21) and published in the Agricultural 
Engineers Yearbook (inl5) list s the average per hour repair and 
maintenance costs for machines as a percentage of the re­
placement price. From Tables ^ 5 through 6^ , we have esti­
mated the effective capacities of various machine opera­
tions for corn, soybeans, oats and hay. From the above 
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information, we can further estimate the repair cost per 
acre of various machine operations for corn, soybeans and 
oats as given in Tables 6^ , 66 and 67. Repair cost per 
acre for corn are $6.51) $6.20 and $6.61 for ^ -^ +0", 6-^ -0" 
and 8-40" machinery combinations, respectively. Per acre 
repair costs estimated for soybeans are slightly less than 
those estimated for corn. Since 30"-row and ^ 0"-row com­
binations have different effective capacities, the repair 
costs estimated for them are also different. Usually, the 
30"-row machinery combinations have higher repair costs 
than 1+0"-row machinery combinations. 
The amount of fuel used per hour depends on the size 
or horsepower of a tractor, the type of fuel it is using, 
and the job it is doing (2). In a farm-work cost guide 
for Iowa, Hull et al. (1^ ) estimated the fuel cost per 
hour for various field operations. Based on this data, 
and the effective capacity of various machinery combina­
tions given in Tables 55 through 64-, we can estimate the 
gallons of fuel required per acre. Assuming the price of 
diesel fuel is $0.186 per gallon,we can estimate the fuel 
cost per acre for various field operations. The estimated 
fuel costs are also given in Tables 55 through 64- in the 
Appendix. 
Estimated seed, insecticide and fertilizer costs per 
acre are given in Table 68. The fertilizer used is 
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consistent with the efficient fertilizer use recommended 
for this area (38). The amount of fertilizer used is dif­
ferent for different crops as shown in Table 69 in the 
Appendix. It is assumed that the cost per acre for seed, 
insecticide and fertilizer for 30"-row spacing is % 
higher than for ^ 0"-row spacing for all crops. It is 
further assumed that seed, insecticide and fertilizer cost 
per acre is the same for both the Humboldt and Kossuth 
farms. Land rents per acre, which consist of interest on 
the purchase price of land and property taxes, are given 
in Table 70. 
Variable labor costs include the labor required for 
maintenance and repair in addition to the actual field 
operations. Variable maintenance requirements of labor 
are assumed to be 30^  of the labor required for field 
operations. In calculating labor costs, wage rates of 
$2.00 per hour for both operator and regular hired labor 
are assumed. Labor costs for ^ 0"-row machinery combina­
tions are slightly lower than those for 30"-row machinery 
combinations. Variable costs per acre for both 3O"- and 
40"-row combinations are presented in Tables 73, 7k and 7?. 
The per unit cost curves developed in this study meas­
ure costs per dollar value of crop product. Hence at least 
one set of prices is needed to determine total value of out­
put. Two sets of prices are used in this study to indicate 
2k 
the effect of changes in output price on costs per dollar 
of output. The two price levels chosen are averages for 
the year 1971-73 and for the single year 1973 as reported 
in Prices of Iowa Farm Products 1910-1971 (31). Prices 
averaged for the 1971-73 period are lower than the 1973 
prices. In the period 1971-73, the corn price averaged 
$1.38 per bushel. In 1973, the corn price was $1.81 per 
bushel. Prices used in budgeting cost functions are 
presented in Table 71 of the Appendix. 
Timeliness of Operation 
Farmers have many jobs that must be done within a 
limited time period if "excessive" production losses are 
not to occur. During these periods enough machine capac­
ity is needed so as to prevent "excessive" yield losses. 
Yield losses from delays in w&ohine operations differ both 
for various machine operations on a given crop and for the 
same machine operations on different crops. A farmer can 
profit by studying the expected yield losses from delays 
in various machine operations; because with a given amount 
of capital to spend for- machinery, he gains most by owning 
those machines where timely operations prevent greatest 
losses (8). 
In this study, the following operations are assumed to 
cause losses in yields due to untimely operations: (1) corn 
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planting, (2) corn cultivation, (3) corn harvesting, (k) 
soybean planting, (5) soybean cultivation and (6) soybean 
harvesting. Oats and hay have only a very small propor­
tion in the current cropping system, so they are excluded 
from the calculation of the losses in yields for the sake 
of simplification. 
To determine the expected yield losses from untime-
liness of operations, we need the following informations 
(1) estimated average number of hours available for field 
work each day in the study area, (2) the estimated average 
number of hours available in optimal periods for specific 
crop field operations, (3) the estimated average crop 
losses per acre from untimely field operation in the area, 
and ik) the machinery capacities per hour for various field 
operation in producing various crops. 
The estimated average number of hours available for 
field work by weeks in North Central Iowa was obtained from 
McKee (2^ ) and adjusted on the basis of climatologie data 
(3^ -). It is presented in Table 72. The estimated average 
number of hours available by no-loss periods for specific 
crop field operations are presented in, Table 3* It is 
assumed that certain field operations must be performed 
during optimum or no-loss time periods to achieve the 
yields presented in Table 2. The estimated average crop 
losses per acre from untimely field operations in North 
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Table 3. Estimated average number of hours available by 
no-loss periods for specific crop field opera­
tions®" 
Crop field operation Period Hours available 
Corn planting May 2-10 45.9 
Soybean planting May 10-17 45.5 
Corn cultivation 
First 
Second 
June 14-20 
July 1- 6 
45.2 
41.1 
Soybean cultivation June 21-27 41.4 
Corn harvesting Oct. 22-27 43.6 
Soybean harvesting Oct. 3- 7 37.5 
"See Table 72. 
Central Iowa are given in Table h. Finally, the machinery 
capacities per hour for various field operations in pro­
ducing various crops are presented in Tables 55 through 
64. The schedule of field operations and the times-over 
for each operation presented in Tables 55 through 64 ap­
proximates current operations by farmers in Clarion-
Wicollat=webster area (20). 
The effective field capacity of a machine is a func­
tion of the rated x-jidth of the machine- the percentage of 
rated width actually utilized, the speed of travel, and the 
amount of field time lost during the operation (21). The 
effective capacity of a machine may be expressed as follows? 
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Table 4. Estimated average crop losses per acre from un­
timely field operations in North Central Iowa 
Crop field operations Date losses begin 
Losses per acre 
per day late 
Corn planting®' May 11 First 10 days 0.8 bi 
Next 10 days 1.0 bu 
Soybean planting^  May 18 0.9 bu 
Oats planting® April 12 1.0 bu 
Corn cultivation^  
First 
Second 
June 21 
July 7 
0.5 bu 
0.25 
Soybean cultivation® June 27 0.75 bu 
Oats harvest® July 21 1.3# 
Soybean harvest® Oct. 6 1.3# 
Corn harvest® Oct. 26 0.6% 
"Source: From ( 3 ) .  
S^ource: From (25). 
S^ource : From (22). 
SO'iirGS » JL- A \ / / 
S^ource: From (16). 
V = 5280 xSxWxE^  8 W Ef 
43,560 X 100 b25~ (3) 
T.rVi^ i^û 
nrxxw.^ V 
C = effective field capacity, in acres per hou3 
S = speed of travel, in miles per hour 
W = rated width of implement, in feet 
E^  = field efficiency, in percent. 
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Derivation of Cost Functions and Cost Curves 
In the budgeting procedure, data from agronomists, ag­
ricultural engineers, economists and others are used to 
estimate input-output relationships and prices. Given em­
pirical data, cost functions can be estimated from which 
cost curves can be derived (10). Equations 4-8 are used 
to illustrate the process of estimating the cost functions. 
\ + b^ X-l• (4) 
= c^  + d^ X (?) 
TR^  = e^  ^ (6) 
TRj^  = -dj^ X = fj^  - dj^ X, (?) 
where 
TC^  = (f^  - d^ X) 4 b^ (f^ X - )"^  . (8) 
Equation 4- is the average total cost equation, where 
refers to average total cost per acre for the i-th machinery 
combination5 is constant variable cost per acre, bj^  is 
total fixed cost, and X is crop acreage"^  which varies from 
In this study, farm size and crop-acres are used in­
terchangeably. Since we assumed all crop-acres are har­
vested, crop-acres actually mean harvested crop-acres. 
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160 to 1280 crop-acres. Equation 5 is the untimeliness-
loss function, where refers to the dollar value of crop 
losses per acre for the i-th machinery combination, c^  to 
the intercept and d^  ^to the slope of the loss function. 
Equation 6 expresses the total revenue per acre before 
uritimeliness losses. Equation 7 is total revenue per acre 
after untimeliness losses. Dividing Equation 4 with Equa­
tion 7, we get the cost function of Equation 8, where TC^  
refers to dollar cost per dollar of crop product when land 
rent is not included in total costs of production. 
When land rent is considered, total cost and average 
variable cost increase substantially. Equation 9 is the 
average total cost equation when land rent is considered, 
J 
where refers to average total cost per acre for the 
i-th machinery combination, and a^  to constant variable 
côgt. Equation 10 is the cost function when land rent is 
considered, where TCj refers to average total cost per 
dollar of crop product. 
~i = &Î + (9) 
Tc! = a!(fi . (10) X  X X X  X  « 4 .  W W  
The cost functions and cost curves presented in the 
next chapter do not include a land rent in the calculation 
of total costs. After that chapter, budgeting results are 
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presented with land rent included in total costs. 
Short-run and long-run cost curves 
The relationship between proportionality of factor 
combinations, unit costs of production, and the optimum 
size of the firm, either in a minimum cost or maximum 
profit sense, in agriculture is best explored through con­
cepts of long-run and short-run cost curves. Short run 
refers refers to a cost structure and time period in which 
some factors are fixed in quantity and form. The term 
long run refers to the cost possibilities which face a 
producing unit over a period of time of such duration 
that no factors need be considered fixed (7, p. 36^ ). 
From the estimated cost functions, short-run cost 
curves can be derived to indicate the relationship be­
tween average total cost and farm size with the current 
machinery technology. Short-run cost curves can be used 
to demonstrate the minimum average cost for each machinery 
combination and the crop-acreages necessary to attain that 
minimum unit cost. 
It is assumed that for practical purposes, resource 
combinations achieving a unit cost within 5 percent of 
minimum cost can produce at constant unit cost and that 
these resource combinations achieve most of the cost econ­
omies of farm size available (16). Long-run cost curves 
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are used to indicate the farm size and machinery combina­
tions necessary to attain the major cost economies avail­
able when multi-season planning decisions are made. 
Except for farm size and machinery combinations, 
other factors such as different typés of farm, price levels, 
and row width also affect the unit cost of production. We 
also consider the effects of these factors and construct 
the cost functions and cost curves accordingly. Table ? 
outlines the combinations of the Humboldt and Kossuth 
farms, cropping systems, row width, and price levels for 
which cost functions are developed in this study. In the 
next chapter, cost functions and cost curves are developed 
according to those combinations outlined in Table 
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Table 5- Combinations of the Humboldt and Kossuth farms, 
cropping systems, row width and price levels for 
which cost functions are developed in this study 
Humboldt farm 
(GSR = 81.6) 
(current cropping system 
1-(40" row 
(1971-73 prices 
(current cropping system 
2-(30" row 
(1971-73 prices 
(continuous corn cropping 
3 (system 
3-(Lj.o" row 
(I97I-73 prices 
(continuous corn cropping 
u (system 
"(3O" row 
(1971-73 prices 
(current cropping system 
-^(40" row 
(1973 prices 
(current cropping system 
6-(30" row 
(1973 prices 
Kossuth farm 
(GSR = 72.5) 
(current cropping system 
1-(^ 0" row 
(1971-73 prices 
(current cropping system 
2-(30" row 
(I97I-73 prices 
(continuous corn cropping 
_^(system 
•^ "(1+0" row 
(1971-73 prices 
(continuous corn cropping 
L (system 
(30" row 
(1971-73 prices 
(current cropping system 
5-Ô+0" row 
(1973 prices 
(current cropping system 
6-(30" row 
(1973 prices 
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BUDGETING RESULTS 
This chapter presents the results for the budgeting 
analysis. Two main sections included in this chapter are: 
(1) cost structures for the Humboldt farm, and (2) cost 
structures for the Kossuth farm. In each section, the es­
timated cost functions under specific situations are pre­
sented first, and then the short-run and long-run cost 
curves are derived. 
Budgeting procedures are used to estimate the cost 
functions for each of the five selected machinery combina­
tions for acreage ranging from 160 to 1280 crop-acres and 
for the various cropping systems, row spacings and price 
levels specified for each farm in Table <= Determination 
of the short-run and long-run average cost curves allow us 
to examine the cost relationships between farm size and 
machinery combinations. 
The cost functions and cost curves presented in this 
chapter do not include land costs. Omission of a land 
charge from the total costs would not greatly change the 
culvatures and relative positions of these cost curves 
even though the cost functions are affected. Although land 
costs are not considered in the derivation of any cost 
function in this chapter^  the term total cost will be used. 
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Cost Structures for the Humboldt Farm 
This section presents various cost functions and cost 
curves developed for selected machinery combinations on the 
Humboldt farm. 
In economic theory, short-run total cost can be di­
vided into two components, total fixed cost and total var­
iable cost. The greatest cost advantage for larger acreages 
arises as the proportions of resources are changed, and 
total fixed costs are spread over a greater output. For 
any given set of machinery combinations, an increase in the 
acreage operated causes the per acre cost to decline. Since 
a major portion of total cost is of a fixed nature, the 
total cost per acre decline as more acres are operated even 
though the variable costs of fertilizer, seed, tractor fuel 
and labor are constant. In other words, by increasing the 
proportion of acres and other variable resources relative 
to the fixed quantity of machinery, the total fixed costs 
would be spread over- mors acres and a greater output. 
Short-run average total cost per acre: current croPDing 
system. 40"-row machinery combinations 
Average total costs per acre for selected 40"-row ma­
chinery combinations based on the current cropping sysbem, 
and no crop loss penalties on the Humboldt farm are pre­
sented in Table 6 and Figure 2. Since per-acre variable 
Table 6. Average total cost per acre for selected 40"-row machinery combinations 
based on the current cropping system and no crop loss penalties on the 
Humboldt farm 
Machinery combination 
4-40" 6-40" 8-40" 4-40" 4-40" 
4-40" 
6-40" 
Total fixed cost $ 7,072.00 $ 9,404.00 $10,942,. 00 $13,177.00 $15,492.00 
Per-acre variable cost 
for corn 
for soybeans 
for oats 
for hay 
combined variable 
cost 
154.97 
38.44 
23.30 
51.84 
46.65 
$51.83 
36.37 
22.85 
51.84 
44.19 
$50.62 
35.74 
22.46 
51.84 
43.28 
$54.97 
38.44 
23.30 
51.84 
46.65 
$53.39 
37.41 
23.07 
51.84 
45.41 
crop-acres Average total cost oer acre 
160 
320 
480 
640 
800 
960 
1120 
#90.85 
68.75 
61.38 
57.70 
55.49 
54.01 
52.96 
$102.96 
73.57 
63.78 
58.88 
55.94 
53.98 
52.59 
$111.66 
77.47 
66.07 
60.37 
56.95 
54.67 
53.04 
$129.00 
87.82 
74.10 
67.23 
63.12 
60.37 
58.41 
$142.23 
93.82 
77.68 
69.61 
64.77 
61.54 
59.24 
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Figure 2. Average total cost per acre for selected 40"-
row machinery eomblnaticns based on the current 
cropping system and no crop loss penalties 
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costs are different for corn, soybeans, oats and hay, a 
combined variable cost per acre was calculated according 
to the percentage of each crop's acreage specified in the 
current cropping system. The larger the machinery capacity, 
the lower the per-acre combined variable cost. The per-
acre combined variable costs are $46.65, $44.19 and $43.28, 
respectively, for the 4-40", 6-40" and 8-40" machinery 
combinations (Table 6). The larger the machinery capacity, 
the lower the labor requirement per acre to work with the 
field machine reducing variable costs per acre. The 
labor costs per acre, are $9.46, $6.90 and $^ .40 re­
spectively, for 4-row, 6-row and 8-row machinery combina­
tions (Table 74). Figure 2 indicates that average total 
cost per acre declines sharply as crop-acres increase. For 
4-40" machinery combination, average total cost per acre 
decreases from $90.3? at 160 acres to $61,3° 480 acres. 
This characteristic of declining expense per acre also 
holds true for all other machinery combinations examined 
in this study. An important point dealing with the cost 
advantages of farms of different size is that the average 
total cost curves tend to flatten out. For example, after 
farm size for the 6-40" machinery combination attains 640 
acres, cost per acre declines slightly as farm size is in­
creased to 1120 acres. The per acre cost curves begin to 
flatten out when the main advantages of spreading the fixed 
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costs of the machinery over more acres have been attained. 
The curves become nearly flat when most of the costs are of 
a variable nature and total costs cannot be lowered much 
more by expanding the size of operations. For each ma­
chinery combination with the current cropping system, a 
farm in Humboldt county with 640 acres will have a great 
cost advantage over one with 320 acres, but it will gain 
little if it expands operations to 1120 acres. Starting 
with a small acreage, the crop farmer can realize some 
large gains, in lower costs and greater profit per acre, 
as he increases the number of acres relative to a fixed 
set of machinery combination, but the gains are less rapid 
as he expands still further. 
Among all 40"-row machinery combination, Figure 2 in­
dicates that the 4- machinery combination is the most 
efficient one under 880 acres. Other machinery combinations 
have a higher total average cost per acre than 4-40" ma­
chinery combinations for less than 880 acres. This con­
clusion would be a very misleading one, since Figure 2 
describes the relationship between average total cost per 
acre and crop acres only. Other important factors such as 
physical output per acre, losses due to untimeliness of 
field operations and the prices of farm product are not 
considered in the derivation of Figure 2. When all these 
factors are considered, the cost curves which relate the 
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per unit costs and farm size for all selected machinery 
combinations provide more practical information for ma­
chinery decisions. 
Cost and revenue per acre when untimeliness losses are 
introduced 
Figure 2 relates cost per acre to the number of crop-
acres when land acreage is varied for each machinery com­
bination; the machinery combination is fixed and the amount 
of land, labor, tractor fuel and seed is variable. Per 
acre costs decline as long as more acres are operated with 
one set of machinery because variable costs per acre are 
constant and machinery costs per acre decline with more 
acres. Kowsver, an indefinite number of acres cannot be 
operated with one set machinery without lowering yields; 
planting, cultivating and harvesting for corn and soybeans 
I ' 
stretches over a longer period and into suboptimal seasons 
which decrease per acre yields. Even though variable costs 
per acre are constan^  as more acres ar^  operated ^ a deelliie 
in per acre yields will cause variable costs per bushel, 
or other unit of product, to increase. Total cost per 
I I 
bushel will then increase as soon as the increase in var­
iable cost per bushel is greater than the decline in fixed 
cost per bushel, even if the total cost per acre is still 
decreasing as more acres are operated. Consequently, the 
^0 
total cost per bushel or unit of product always increases, 
under diminishing returns for the variable resource, as 
more of a variable resource is used with a fixed resource. 
Output and total revenue are ignored in the construc­
tion of Figure 2, thus implicitly assuming that output and 
total revenue per acre are constant. However, with any 
given set of machinery combination, Figure 3 indicates that 
output and total revenue per acre are not constant when the 
losses due to untimeliness of field operations are introduced. 
Hence, in order to examine the cost economies of farm size 
and machinery combinations, the total cost, output or total 
revenue, and acreage must be considered in one figure. In 
the rest of this chapter, the cost curves are constructed 
by presenting the ratio of average total cost to average 
total revenue on the vertical axis and crop acreage on the 
horizontal axis. 
Short-run average total cost per dollar of crop producti 
current cropping system, ^ O"=row machinery combinations and 
1971-71 prices 
The cost functions estimated for the five selected ma­
chinery combinations under the situation considered are; 
TC^  = ^ -6.7(185.9 -0.0793X)"^ +7,072.0(185.9X-0.0793X^ )"^  
(11) 
160 
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Figure 3« Average costs and revenue per acre for the 6-^ 0" 
machinery combination based on the current 
cropping system on the Humboldt farm 
1+2 
rCg = 1+^ .2(167.9 -0.0271X)"^ +9,^ 0^ -0(167.9X-0.0271X^ )"^  
(12) 
TCg = 1+3.3(178.0-0.0^ 39X)"^ +10,9^ 2.0(178.OX-0.0^ 39X^ )"^  
(13) 
TC]^  = ^ -6.7(167.8 -0.0182X)"^ +13,177.0(167.8X-0.0182X^ )"^  
(140 
TC^  = ^ 5.4(164.5 .0.0114X)"1+15,492.0(164.5%-0.0114x2)-! . 
(15)' 
Average costs of producing $1 worth of crop product 
for selected 40"-row machinery combination, based on the 
current cropping system and 1971-73 prices for the Humboldt 
farm are presented in Table 7 and Figure 4. In Figure 4, 
costs are computed for $1 worth of crops produced. It is 
clear that when product price varies, the cost curves will 
move vertically; 
For 40"-row spacing, the yields per acre are 110.6, 
88.4 and 42.2 bushels, respectively, for corn oats and 
soybeans on the Humboldt farm. The yield per acre is 4.57 
tons for hay on the same farm (Table 2). According to 
1971-73 prices5 the prices per bushel are il.38- $0.77 and 
14.23, respectively, for corn, oats, and soybeans and for 
hay is $22.70 per ton. Thus, with no losses for untimeli-
ness, the total revenue per acre is 1159-1 for the current 
cropping system. However, untimeliness losses would occur 
3^ 
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Figure h. Average costs of producing $1 worth of crop 
product for selected ^ •0"-row machinery com­
binations based on the current cropping system 
and 1971-73 prices on the Humbo]dt farm 
v+ 
Table 7. Average costs of producing $1 worth of crop 
product for selected machinery combinations 
based on the current cropping system and 1971-73 
prices on the Humboldt farm 
Machinery combination 
acres 1+-40" 6-4-0" 8-40" 4-40" 4-40" 
4-40" 
6-40" 
80 1 .84-9 $1.017 $1.132 $1.329 $1.503 
160 .571 .647 .702 .811 .894 
320 A35 .464 .488 .552 .590 
kSO .401 .407 .421 .466 .489 
640 .4-35 .393 .390 .426 .439 
800 .510 .417 ,382 ,402 ,411 
960 .471 .395 .396 = 397 
1120 — .435 .407 .398 
1280 — — — — — —• .427 .409 
when field operations are performed in suboptimal time per­
iods. The amount of untimeliness losses depend upon the 
cropping system, machinery combinations, price levels and 
the number of crop=acres. The untimeliness losses in dollar 
per acre for selected 4-0"-row machinery combinations with 
the current cropping system and 1971-73 prices on the Hum­
boldt farm are presented in Table 8= 
The average cost curves in Figure h are u-shaped, 
passing through stages of decreasing, constant and increas­
ing cost. After the minimum cost acreage has been attained, 
the losses from untimeliness more than offset the decline in 
Table 8. Uhtimeliness losses in dollars per acre for 
selected 40"-row machinery combinations with the 
current cropping system and 1971-73 prices on the 
Humboldt farm 
Machinery combination Crop 
acres 4-40" 6-40" 8-40" 4-40" 4-40" 
4-40" 
6-40" 
160 $0.0 $0.0 $0.0 $0.0 $0.0 
320 1.1 0.7 0.5 0.0 0.0 
480 6.4 2.6 2.3 0.2 0.1 
640 26.5 9A .^5 1.1 0.8 
800 50.5 25.2 10.4 2.2 1.8 
960 — — 44.6 20.8 6.9 4.2 
1120 — —  -  —  —  —  16.1 10.1 
1280 —  —  — «• 25.9 18.7 
average fixed costs, causing the average cost curves to turn 
upward. 
In the short-run, all machinery combinations are fixed 
because farmer cannot vary his machinery combination in the 
short-run. For any given machinery combination, Figure k 
indicates that average costs vary with crop-acres. For ex­
ample, for the 4-40" machinery combination, the average 
costs are #0.40 and $0.57, respectively, when farm size is 
480 and 160 acres. With the 4-40" machinery combination, a 
farm size of 480 acres is the most efficient resources com­
bination, since the average cost with the 4-40" machinery 
.combination is at minimum for 480 crop-acres. When acreage 
6^ 
expands beyond ^ 80 acres, the average cost curve for the 
lf-i+0" combination turns upward because of the increasing 
losses due to untimeliness of field operations. Table 8 
indicated that the untimeliness loss for the 40" machinery 
combination is $6.4 per acre at the acreage of 480. This 
implies that with a given set of machinery, a farmer should 
expand his farm size beyond the point where no untimeliness 
losses would occur. For example, although a $6.h untimeli­
ness loss occurred for the 4-40" combination at 480 acres, 
this loss is more than compensated by the reduction in 
average fixed cost, thus increasing the farmer's profit. 
Table 9 indicates that the 4-40" machinery combination 
is the most efficient for a farm of less than 500 acres. 
The high average variable cost of the 4-40" machinery com­
bination is more than offset by its low average fixed cost 
v.'hen crop-acres are less than 480. Beyond 480 acres, the 
average cost for the 4=40" combination increases gradually 
because the advantage in its fixed cost is canceled by its 
higher variable costs due to untimeliness losses. 
The 6-40" machinery combination has a larger field 
capacity than the 4-40" machinery combination and is the 
most efficient machinery combination between 500-^ 80 acres. 
The minimum average cost for the 6-40" combination is $0.39 
which is one cent lower than that for the 4-40" combination. 
The 6-40" combination attains its minimum average cost at 
7^ 
Table 9« Cost per dollar of crop product for selected 40"-
ro¥ machinery combinations with the current 
cropping system and 1971-73 prices on the Humboldt 
farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-4-0" 0-500 4-80 $.^ 0 
6-4-0" 500-580 64-0 .39 
8-4-0" 580-990 800 .38 
4-4-0" ,4-4-0" none 960 .4-0 
4-4-0" 56-4-0" 990-1280 960 .4-0 
64-0 crop-acres which is 160 acres larger than for the 4-1+0" 
machinery combination. 
When crop acres vary between 580-990, the 8-4-0" ma­
chinery combination has the lowest average total costs among 
all machinery combinations. It requires 800 crop-acres to 
achieve its minimum average cost of $0.38. 
The 4-4-0" ,4—4-0" machinery combination contains the same 
types of machines as that of the 4-4-0" combination. The 
difference between these two sets is that in the 4-4-0" ,4-4-0" 
combination^  the quantity of the major field machines con­
tained in the 4-4-0" combination is simply doubled. Table 9 
indicates that the 4—4-0" ,4—4-0" machinery combination does 
not give the lowest per unit cost for any of the acreages 
considered. Although the 4-4-0",4-40" combination attains 
kS 
its minimum average cost of $0A0 at 960 crop-acres, the 
8-40" combination is a more efficient combination at this 
acreage. 
The combination combines the major field 
machines contained in the and 6-40" combinations. 
The combination has the largest machinery ca­
pacity among all combinations considered. When crop acreage 
is beyond 990 acres, the 4-^ 0",6-40" combination provides 
the lowest average total cost. The minimum average cost of 
$0.^ 0 for this combination is attained at the farm size of 
1,100 crop-acres. 
Although the average cost curves for all selected ma­
chinery combinations are u-shaped as shown in Figure 4, the 
shape is wider for the machinery combinations with bigger 
machinery capacities. This is because the untimeliness 
losses per acrs increase at a slower rate when machinery 
capacities become larger. Thus, the average cost curve for 
the 1+-1+0" combination turns upward more rapidly than the 
8-4-0" combination after their respective minimum average 
costs are attained. With fixed machinery combination, if 
a farmer expands the crop-acres beyond the acreage of mini­
mum average cost, the larger the machinery capacity the 
slower the rate of the increase in crop losses due to un­
timeliness. Since in the short-run, machinery combinations 
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are fixed, this is one of the advantages of a larger ma­
chinery combination over a smaller one. 
Costs and returns bv scale of operations 
The cost and net income advantages for alternative 40"-
row machinery combinations over the 4-40" combination, at 
each combination's minimum average cost acreage, based on 
the current cropping system and 1971-73 prices on the Hum­
boldt farm are presented in Table 10. The minimum average 
cost is $0.40 and $0.39, respectively, for the 4-40" and 
6=40" combinations at the crop acreages of 480 and 640, 
respectively. Total revenue per acre after untimeliness 
losses for the 4-40" and 6-40" combinations is $1^ 2.7 and 
$149*7, respectively: Thus at 640 acres- the 6-40" com­
bination has a #1.49 cost advantage per acre over the 4-40" 
combination. Therefore, the per acre cost advantage for the 
6-40" combination at 640 acres over the 4-40" combination at 
480 acres is rather small. This statement is also true for 
the 8-40" eomblnation at 800 acres over the 4-40" combinatIm 
at 480 acres. But the total cost advantage for the 6-40" 
combination is $9?3'6 over the 4-40" combination when farm 
size is set at 640 acres. Similarly, the 8-40" combination 
has a $2,376 total cost advantage over the 4-40" combination 
at 800 crop-acres= 
Net farm Income can increase with scale of operations 
Table 10. Cost and net income advantages for alternative 40"-row machinery combi­
nations over the combination at each combination's minimum aver­
age cost acreage based on the current cropping system and 1971-73 
prices on the Humboldt farm 
4-1+0" 
Machinery combination 
1+-M-0" 6-40" 8-40" 4-40" 
4-40" 
6-40" 
Minimum average cost 
Minimum-average-COst 
acreage 
Total revenue per acre 
after untimeliness losses 
Cost advantage per acre 
over the 4-40'® combination 
Total cost advantage over 
the 4-40" combination 
Net farm income^  
Total, increase in net 
farm income over the 
4-40" combination 
Increase in net farm 
income over the 4-40" 
combination due to 
greater volume alone 
$ .40 
480 
152.7 
$43,977.6 
$ .39 
640 
$ 149.7 
$ IM 
$ 953.6 
$58,432.0 
.38 
800 
148.7 
2.97 
2,376.0 
$73,280.0 
$ .40 
960 
$ 152.2 
$ 0.0 
$ 0.0 
$87,649.0 
$ .40 
1100 
$ 149.0 
$ 0.0 
$ 0.0 
$98,3^ 0.0 
$14,454.4 $29,302.4 $43,670.4 $54,362.4 
$13,500.8 $26,926.4 $43,670.4 $54,362.4 
L^and rent is included in the net farm income. 
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in two different manners: (1) it might result from lower 
costs as productive factors are combined more economically 
and as fixed costs are spread over a greater output and 
(2) it might result from greater volume alone, even though 
costs were to remain constant. This last phenomena holds 
true even if output were pushed beyond the low cost com­
bination as. long as the addition to cost was less than the 
addition to income (6, p. 172). 
Many persons have pointed to the first of these as 
all important in agriculture. However, Table 10 indicates 
that each of the machinery combination would have a greater 
net income than that of the immediately smaller machinery 
combination. In every case, the increase in net income due 
to volume alone was much greater than that due to lower 
costs alone. 
These data suggested several important relationships. 
The first is that it is true that income can be increased 
somevAiat on the small unit through cooperative use of ma­
chinery and equipment or through custom operations. Such 
practices tends to spread certain fixed costs over a greater 
output and divide the total between several farms. Also, 
the development of small machines and power units which 
cut down on overhead costs represent another possibility 
for increasing income on the small unit. More, however, can 
be added to the farmer's income by increasing his scale of 
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operations. Although the two go hand in hand within a 
certain range of farm size, lower per unit costs may not 
be as important as greater volume in explaining further 
expansion of farming operations in American agriculture. 
Long-run average total cost per dollar of crott product : 
current cropping system. ^ 0"-row machinery combinations 
and 1971-7^  prices 
With a given machinery combination, scale economies 
can be realized, in the short-run, by moving forward or 
backward along a particular cost curve in Figure k until 
minimum average cost is attained. In the long-run, how­
ever, all inputs including the machinery combination are 
variable. Thus, one advantage of larger acreages is that, 
in the long-run, the farmer is able to shift to a machinery 
combination with a larger power unit and effective field 
eapaeities. 
The long-run average cost curve, or envelope curve, 
for 40"-row machinery combinations based on the current 
cropping system and 1971-73 prices on the Humboldt farm is 
presented in Figure This envelope curve provides esti­
mates of the cost economies that can be achieved when both 
crop acreage and machinery combinations are considered 
variable. Figure 5 indicates that the acreage of minimum 
long-run average cost is approximately 800 crop-acres. 
Thus, when all resource inputs are variable, and with the 
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Figure Long-run average cost curve for selected 1+0"-
row machinery combinations based on the current 
cropping system and 1971-73 prices on the 
Humboldt farm 
5^  
resource prices assumed, a farm of 800 acres with the 8-40" 
machinery combination could survive at the lowest product 
prices. 
Although minimum cost is attained with 800 crop-acres, 
the long-run average cost varies only 5 percent from the 
minimum cost between 4-60 and 1180 acres on the Humboldt 
farm. For this range, therefore, average costs can be 
considered approximately constant. Hence, the 4—4-0", 
6-4-0", 8-4-0" arid 4-4-0",6-4-0" machinery combinations 
are almost equally efficient and can be applied to achieve 
the major share of the cost economies available on the 
Humboldt farm. 
Short-run average total cost per dollar of crop product : 
current cropping system. 10"-row machinery combinations 
and 1971-71 prices 
In previous section, the short-run average total costs 
presented in Figure 4- were based on 4-0"-row machinery com­
binations» In recent years, however, 30"-row machinery 
combinations have been adopted by more farmers in the 
Midwest. This has been occurring because the 30"-row spac­
ing usually has higher per acre yields for corn and soybeans 
than the 4-0"-row spacing. Because of this shift, it is 
interesting to examine the average cost curves based on 
30"-row machinery combinations. 
55 
The total purchase cost for 30"-row machinery combina­
tions ranges from $49,990 for the 4-30" combination to 
$109,171 for the 4-30",6-30" combination. The total pur­
chase cost is approximately #1,000 less for 30"-row than 
40"-row for all machinery combinations except for the 8-row 
combination. In the 8-4-0" combination, the 6-40" corn head 
is substituted for the 8-40" corn head because the later 
does not exist in the current market place. However, the 
8-30" corn head does appear in the 8-30" machinery combina-
ti'.on but the price of the 8-30" corn head is about $1,700 
higher than the 6-40" corn head. Thus, the purchase cost 
for the 8-30" combination is $79,237, $354 higher than for 
the 8-40" combination (Tables 48 through 52). 
Although the 30"-row combinations have a slightly 
smaller total fixed cost than the 40"-row combinations, the 
per acre variable costs are higher for the 30"-row than the 
40"-row combination, because more variable costs such as 
seed, insecticide, fertilizer and labor are required for the 
30"-row combinations. The average total costs per acre for 
selected 30"-row machinery combinations based on the current 
cropping system and no crop loss penalties on the Humboldt 
farm are presented in Table 11. Therefore, the average total 
costs per acre are higher for the 30"-row combinations than for 
the 40"-row combinations = For example, the average total 
cost per acre are $71.20, $75*60 and $78.80, respectively, 
for the 4-30", 6-30" and 8-30" combinations at a farm size 
Table 11. Average total costs per acre for selected 30"-row machinery combinations 
based on the current cropping system and no crop loss penalties on the 
Humtioldt farm 
Machinery combination 
4-30" 6-3O" 8-30" f
f
 
4-3O" 
6-30" 
Total fixed cost $ 6,899"00 $ 9,216.00 $10,578.00 $13,070.00 $15,247.00 
Per-acre variable cost 
for corn $ 59-26 $ 55.61 $ 5 .^20 $ 59.26 $ 57.43 
for soybeans k-0„40 38.06 37.28 40.40 39.23 
for oats 23.30 22.85 22.46 23.30 23.07 
for hay 51.84 51.84 51.84 51.8^  51.84 
combined variable cost 49.65 46.80 45.75 49.65 48.19 
CroD-acres Average total costs per acre 
160 $ 92.76 $ 104.40 $. 111.86 $ 131.33 $ 143.48 
320 71.20 75.60 78.80 90.49 95.83 
480 64.02 66.00 67.78 76.87 79.95 
640 60.42 61.20 62.27 70.07 72.01 
800 58.27 58.32 58.97 65.98 67.24 
960 56.83 56.40 56.76 63.26 64.07 
1120 55.80 55.02 55.19 61.31 61.80 
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of 320 crop-acres. With the same farm size, the average total 
costs per acre are $68.75, $73.57 and$77.^ 7, respectively, for 
the 4-40", 6-40" and 8-^ 0" machinery combinations (Tables 6, 11). 
With the current cropping system and no crop losses, 
the yields per acre for 30"-row spacings are 116.1, 88.4 
and 46.8 bushels for corn, oats and soybeans, respectively, 
on the Humboldt farm and the yield for hay is 4.57 tons 
per rcre (Table 2), Based on 1971-73 levels, the prices 
are $1.38, $4.23 and $0.77, respectively, per bushel for 
cvrzi; soybeans and oats. Hence, the total revenue per acre 
is $171.0 when no crop losses occur. However, after farm 
size is expanded beyond the optimal capacity of each ma­
chinery combination, untimeliness losses would occur. Table 
12 presents untimeliness losses per acre for- selected 30"-
ro¥ machinery combinations with the current cropping system 
and 197I-73 prices on the Humboldt farm. Table 12 indicates 
that the larger the effective capacity of a machinery combi­
nation, the smaller the amount of untimeliness loss at a 
given level of farm size. For example, a farm with 480 
crop-aeres, the untimeliness losses per acre are $27=5; 
$4.9 and $2.1, respectively, for the 4=30", S-'SO" and 8-3O" 
machinery combinations. For the same machinery combination. 
Table 12 also indicates that the larger the crop-acres, the 
larger the untimeliness losses. 
The cost functions estimated for selected 30"-row 
machinery combinations based on the current cropping system 
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Table 12. Dhtimeliness losses in dollars per acre for 
selected 30"-row machinery combinations with 
the current cropping system and 1971-73 prices 
on the Humboldt farm 
Machinery combination 
acres 4-30" 6-3O" 8-30" 4-3O" 4-30" 
4-3O" 
6-30" 
150 $ 0.0 $ 0.0 $ 0.0 $ 0.0 $ 0.0 
320 3.1 0.8 0.5 0.0 0.0 
480 27.5 4.9 2.1 0.4 0.2 
640 52.6 21.3 6.9 3.0 1.0 
800 76.6 40.7 13.0 10.5 3.3 
960 — — 66.0 37.2 21.9 7.5 
1120 — — 59.7 36.9 20.0 
1280 
and 1971-73 prices on the Humboldt farm are: 
= 49.7(217.5+6j899-0(217.5X-0.1546X^)"^ 
(16) 
TCg = 46.8(192.7 =0.Q64QX)"^+ 9^216,0(192.7X-0.0640X^)"^ 
(17) 
TG- = 45.8(203.4-0.0727X)"^+10,578.0(203.4X-0.0727X^)"^ 
(18) 
TC^_ = 49.7(191.9 -0.0458x)'"^ +13,070.0(191.9X -0.0458x^)"'^ 
(19) 
TC^ = 48.2(181.7 -0.0222X)"^+15,247.0(181.7X-0.0222X^)"^ 
(20) 
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Figure 6 presents the average costs of producing $1 
worth of crop product for selected 30"-row machinery com­
binations, based on the current cropping system and 1971-73 
prices on the Humboldt farm. Average cost curves in Fig­
ure 6 indicate that the W-30" machinery combination is the 
most efficient combination when the crop acreage is less 
than 380 acres. With a farm size between 3^ 0-500 acres, 
the 6-3O" machinery combination has the lowest average 
total costs. When acreage varies from 500 to 880 acres, 
the 8-30" machinery combination has the cost advantage over 
the other combinations. Beyond 88O crop-acres, the 
-^30",6-30" combination should be adopted to attain the 
greatest cost economies. Like the ,4-4-0" combination, 
the 4-30",4-30" combination never has the lowest average 
total cost over the entire crop-acres examined. Therefore, 
this coisblnation should not be adopted on the Humboldt farm 
if a farmer wants to avoid th© cost disadvantages associated 
with that machinery combination. 
Table 13 indicates that the minimum average costs are 
$0.4-2, $0.40 and $0.37, respectively, for the 4-30", 6-3O" 
and 8=30" machinery combinations. However. the acreage on 
which the minimum average cost was attained is different 
for different machinery combinations. These acreages are 
320, 4-80 and 800 acres, respectively, for the 4-30", 6-30" 
and 8-3O" machinery combinations. Although the minimum , 
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Figure 6. Average costs of producing $1 worth of crop 
product for selected 30"-row machinery combina­
tions based on the current cropping system and 
1971-73 prices on the Humboldt farm 
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Table 13* Cost per dollar of crop product for selected 
30"-row machinery combinations with current 
cropping system and 1971-73 prices on the 
Humboldt farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-30" O-38O 320 $0.42 
6-3O" 380-500 480 0.40 
8-30" 500-800 800 0.37 
4-30",4-30" none 800 0.41 
4-30",6-30" 800=1120 960 0.39 
average cost for 4-30",6-30" ($0.39) is similar to the 6-30" 
combination ($0.40), the crop-acres which are required to 
attain the respective minimum average cost are 480 acres 
for the 6-30" combination to 960 acres for the 4-30",6-30" 
combination, we may conclude that in terms of pure cost 
economies of farm size and machinery combinations, the 
6-30" combination with 480 crop-acres can compete effi­
ciently with the 4-30",6-30" combination with 960 crop= 
acres. With the current cropping system and 1971-73 prices. 
Table 13 also indicates that the 8-30" machinery combination 
with 800 crop-acres has the lowest minimum average cost of 
$0.37 among all the 30"-row machinery combinations on the 
Humboldt farm. 
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Long-run average total cost per dollar of crop product ; 
current cropping system. %"-row machinery combinations 
and 1971-7% prices 
The long-run average cost curve for selected 30"-row 
machinery combinations based on the current cropping system 
and 1971-73 prices on the Humboldt farm is presented in 
Figure 7. Figure 7 indicates that vâien all inputs includ­
ing land and machinery are variable, the acreage of mini­
mum average cost for 30"-row combinations is approximately 
8OÔ crop-acres. The 8-30" combination with a farm size of 
800 acres attains minimum average cost of $0.37 per dollar 
of crop product based on the current cropping system and 
1971-73 prices on the Humboldt farm. However, the major 
scale economies are not only realized by the 8-30" ma­
chinery combination and 8OO crop-acres. Within the range 
betwBsn Mi0=1020 acres^  unit cost varies ? percent or less 
from the minimum cost and can be considered approximately 
constant throughout this range. With 30"-row machinery 
combinations, the major share of the cost economies can be 
achieved with three combinations of land and machinery. 
They are: (a) the 6-30" maohinery combination with 440-
500 acres of cropland, (b) the 8-30" machinery combination 
with 500-880 acres of cropland and (c) the 4-30",6-30" 
machinery combination with 880-1020 acres of cropland. 
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Figure 7. Long-run average cost curve for selected 30"-
row machinery combinations based on the current 
cropping system and 1971-73 prices on the 
Humboldt farm 
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Short-run average total cost per dollar of crop product: 
continuous corn cropping system. ^ 0"-row machinery combina­
tions and 1971-7% prices 
The cost curves presented in the previous sections ap­
ply to a rotation cropping pattern as specified in the cur­
rent cropping system. However, more farms in the studied area 
are specializing in growing only corn. Hence, it is worth­
while to examine production costs under the continuous 
corn cropping system. This analysis provides information 
about the effect of the cropping system on average cost 
curves. 
The machines included in the ^ --40", or any other, 
machinery combinations change for different cropping sys­
tems. The machinery combination used for the continuous 
corn cropping system contains fewer machinery items than 
that used for the current cropping system bscausc those 
machines which are not used to produce corn are no longer 
needed. The machinery combinations for the continuous 
corn cropping system are presented in Tables 76 through 
80. The total purchase costs for ^ 0"-row machinery combi­
nations used in the continuous corn are smaller than those 
used in the current cropping system. For example, the 
total purchase cost is $^ 3,382 for the ^ -î+O" combination 
used in the continuous corn, compared with $50,369 for the 
4-40" combination used in the current cropping system. 
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While the total fixed cost for each ^ 0"-row machinery 
combination used for the continuous corn is lower than that 
used in the current cropping system when both combinations 
have the same number of rows, the per-acre variable cost is 
much higher for the continuous corn. The average total 
cost per acre for selected ^ 0"-row machinery combinations 
based on the continuous corn cropping system and no crop 
loss penalties on the Humboldt farm are presented in Table 
1^ . For the 4-40", 6-4-0" and 8-4-0" machinery combinations 
with 4-80 crop-acres, average total costs are *67,55, $69.13 
and $70.99» respectively, for the continuous corn, compared 
*with $61.38, $63.78 and $66.07, respectively, for the cur­
rent cropping system. For all 40"-row machinery combina­
tions with the same crop acreage, the average total cost 
per acre for the continuous corn is higher than that for 
the current cropping system (Tables 6 and 14-) ^ 
without untimeliness losses, the yield is 110.6 bushels 
of corn per acre with the continuous corn cropping system 
and 4-0"-row spacings (Table 2) and under the 1971-73 price 
level, corn is sold at $1.38 per bushel (Table 71). Thus 
the total revenue per acre with the continuous corn for 
this situation is $152.6. However, losses due to untime-
liness would occur when farm size is expanded beyond the 
optimal capacity of each machinery combination. Table 15 
presents the untimeliness losses in dollars per acre for 
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Table 1^ . Average total cost per acre for selected 40"-
ro¥ machinery combinations based on the con­
tinuous corn cropping system and no crop loss 
penalties on the Humboldt farm 
Machinery combination 
'^ -'<•0" 6-40" 8:;^   ^
Total fixed cost #6,040 t 8,306 $ 9,780 $11,827 $14,071 
aSë^cost^^^' <54.97 $ p..83 $ 50.62 $ 54.97 $ 53-39 
Acres of crop Average total cost uer acre 
160 I 92.72 $103.7^  $111.7^  $128.88 $141.33 
320 73.84 77.78 81.18 91.92 97.36 
480 67.55 69.13 70.99 79.60 82.70 
640 64.40 64.80 65.90 73.44 75.37 
800 62.52 62.21 62.84 69.75 70.97 
960 61.26 60.48 60.80 67.28 68.04 
1120 60.36 59.24 59.35 65.52 65.95 
1280 MMMM^ — — 64.20 64.38 
Table 15. Untimeliness losses in dollars per acre for 
selected machinery combinations with the 
continuous corn cropping system and 1971-73 
prices on the Kumboldt farm 
CroT3 Machinery combination 
acres 4-40" 6-40" 8-40" 4-40" 4-40" 
4-40" 
6-40" 
160 $ 0=0 $ 0.0 1 0.0 1 0.0 $ 0.0 
320 5.5 1.7 1.0 0=3 0:0 
480 16.1 7.9 5.0 1=9 0.7 
640 29.4 17.9 11.8 5.5 3.1 
800 45.1 29.3 20.2 10.1 7.2 
960 61.6 43.5 30.8 16.3 12.3 
1120 78.2 57.4 43.2 22.3 18.3 
1280 — —  —  —  — — 29.2 25.2 
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selected 40"-row machinery combinations with the continuous 
corn cropping system and 1971-73 prices on the Humboldt 
farm. 
The cost functions estimated for W-0"-row machinery 
combinations based on the continuous corn cropping system, 
and 1971-73 prices on the Humboldt farm are: 
TCi = 55.0(171A-0.07^ 6X)"^ +6,0^ ).0(171A-0.07^ 6X^ )"^  
(21) 
TCg = 51.8(167.7-0.0506X)"^ +8,306.0(167.7X-0.0506X^ )"* 
(22) 
TCo = 50.6(172.1-0.0530X)'^ +9,780.0(172.IX-0.0530X^ )"^  
(23) 
TCij. = 55.0(163A-0.0281X)~^ +11,827.0(163.'+X-0.281X^ )""^  
(2k.) 
TC^  = 53.4(162.4-0.0234X)^ 1+14^ 071.0(162.4X -0.023^ X^ )™^  
(25) 
The average costs of producing $1 worth of corn product 
for selected 40"-row machinery combinations, based on the 
continuous corn cropping system and 1971-73 prices on the 
Humboldt farm are presented in Figure 8. For easier com­
parison, Figure 8 has the same variable on vertical and 
horizontal axis as in the previous figures. Figure 8 indi­
cates that with a farm size less than 4l0 acres, the 4-40" 
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Figure 8. Average costs of producing $1 worth of crop 
product for selected l+0"-row machinery combina­
tions based on the continuous corn cropping 
system and 1971-73 prices on the Humboldt farm 
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machinery combination is the most efficient one as all 
other combinations would have a higher per-unit cost. The 
average cost curve for the 4-40",6-40" combination lies on 
the highest position above the average cost curve for the 
combination indicating that the 4-4^ 0",6-40" combina­
tion is the most inefficient combination when farm size is 
less than 4-10 acres. However, when crop acreage is greater 
than 900 acres, the ^ -i+0",6-^ +0" combination has the lowest 
average total cost. 
The minimum average cost indicated in Table 16, varies 
only from $0.46 to $0.49 among all selected 40"-row ma­
chinery combinations. However, the minimum average cost 
acreage varies from 480 to 960 crop-acres for the different 
machinery combinations. Although machinery capacity varies 
considerably from the 4-40" to the 4-40",6-40" combination 
allowing farm size to range from 480 to 960 crop-acres, the 
difference in minimum average cost varies only 3 cents or 
less. This implies that several different machinery combi­
nations and widely different farm sizes could exist side by 
side at about the same price level. 
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Table 16. Cost per dollar of crop product for selected 
4-0"-row machinery combinations with the con­
tinuous corn cropping system and 1971-73 
prices on the Humboldt farm 
Range in Minimum Minimum 
Machinery acreage with average average 
combination lowest average cost cost 
total costs acreage 
4-40" 0-410 480 10.49 
6-40" 410-550 480 0.47 
8-40'' 550-900 640 0.46 
4-40",4-40" none 880 0.49 
4-40",6-40" 900-1280 960 0.48 
Long-run average total cost per dollar of crop -product; 
continuous corn cropping system^  4-0"-row machinery combi­
nations and 1971-7% prices 
The long-run average cost curve based on the family of 
curves in Figure 8 is presented in Figure 9* The long-run 
minimum unit cost of $0.4-6, as shown in Figure 9, is at­
tained vjith the 8-4-0" machinery combination on 640 crop-
acres. Nevertheless. Figure 9 also indicates that average 
cost varies less than ? percent from the minimum unit cost 
between 360-1080 crop-acres. Hence, average costs can be 
considered constant for this range in acreage. The budget­
ing results for 40"-row machinery combinations with the 
continuous corn cropping system and 1971-73 prices suggest 
71 
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Figure 9» Long-run average cost curve for selected 40"-
row machinery combinations based on the continu­
ous corn cropping system and 1971-73 prices on 
the Humboldt farm 
72 
that the ^ -^ 0", 6-^ 0", 8-40" and 4-4-0",6-W" combinations 
and 360-1,080 acres of cropland are required to attain most 
of /the cost economies available on the Humboldt farm. The 
8-1+0" combination is the most efficient for this range in 
acreage (Table 16). 
Short-run average total cost per dollar of crop product : 
continuous corn cropping system. '^ 0"-row machinery combi­
nations and 1971-71 prices 
The short-run average costs derived in the previous 
sections were based on 40"-row machinery, combinations. In 
this section, 30"-row machinery combinations are used. 
Shifting from 40"-row to 30"-row combinations, machinery 
costs, the untimeliness losses associated with each ma­
chine's capacity, and the total revenue from the crop all 
change. The effect of shifting row spacing from 40" to 
30" upon production costs will be examined in this section 
and the cost economies of farm size and machinery combi­
nations will be discussed accordingly. 
Total fixed costs are slightly lower for all 30"-
row machinery combinations than for 40"-row combinations 
except for- the 8-30" combination. However, the per acre 
variable costs of 30"-ro¥ combinations are higher than those 
of the 4-0"-row combinations. The average total cost per 
acre with the continuous corn cropping system and no crop 
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Table 17. Average total cost per acre for selected 30"-
row machinery combinations based on the con­
tinuous corn cropping system and no crop loss 
penalties on the Humboldt farm 
Machinery combination 
4-30" 6-30" 8-30" 4-3O" 4-30" 
4-30" 
6-30" 
Total fixed cost $f,986 $ 8,121 $ 9,852 $11,719 $13,832 
Per acre vari­
able cost $59-26 $ 55.61 $ 9+'20 $ 59.26 $ 57.43 
Acres of crops Average total cost ner acre 
160 $96.67 $106.36 $115.77 $132.50 $143.88 
320 77 = 96 80,98 84.98 95.88 100.65 
480 71.73 72.52 74.72 83.67 86.24 
640 68.61 68.29 69.59 77.57 79.04 
800 66.74 65.76 66.51 73.90 74.72 
960 65.49 64.06 64.46 71.46 71.83 
1120 6^ .60 62.86 62,99 69.72 69.78 
losses for selected 30"-row machinery combinations on the 
Humboldt farm is presented in Table 17. Average total costs 
per acre are higher for 30"-row combinations than for 40"= 
row combinations, because variable costs, such as seed, in­
secticide and fertilizer, more than compensate for the lower 
total fixed costs in the 30"-row combinations (Tables 14 and 
17). 
Total revenue per acre is also affected by shifting ma= 
chinery combinations from 40"-rows to 30"-rows. Assuming 
7^  
high levels of management and no untimeliness losses, the 
yield per acre is 116.1 bushels of corn for the 30"-row 
combination with the continuous corn cropping system on the 
Humboldt farm (Table 2). At 1971-73 price levels, the 
price for corn is $1.38 per bushel and total revenue per 
acre is $160.1 with no untimeliness losses. 
When crop acreage is expanded beyond the capacity of a 
machinery combination, the untimeliness occur. Table 17 
indicates that the untimeliness losses for 30"-row combina­
tions are much higher than for the ^ •0"-row combinations 
shown in Table 15* This is because the effective capacity 
for the 30"-row combination is lower than for the 40"-row 
combinations. For a given machinery combination, the larger 
the farm size, the larger the untimeliness losses are; for 
a given farm size, the larger the machinery capacity, the 
siaallsr the untimeliness losses are (Table 18). 
The cost functions for selected 30"-row machinery com­
binations based on the continuous corn cropping system, and 
1971-73 prices on the Humboldt farm are: 
TC]^  = 59.3(188.9-0.1293X)"^  +5,986.0(l88.9X-0.1293X^ )''^  
(26) 
TCg = 55.6(182.If -0.0787%)"^  + 8,121.0(182.ifX - 0.0787X2)-! 
(27) 
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Table 18. Untimeliness losses in dollars per acre for 
selected 30"-row machinery combinations with 
the continuous corn cropping system and 1971-73 
prices on the Humboldt farm 
Machinery combination Crop 
acres 
/ VViiiVJLUcl V MVJll
4-30" 6-30" 8-30" 4-30" 4-30" 
4-30" 
6-3O" 
160 $ 1.2 $ 0.0 $ 0.0 $ 0.0 $ 0.0 
320 12.5 3.9 1.7 1.3 0.3 
480 33.4 13.4 6.1 6.2 2.8 
640 53.9 29.1 18.4 13.0 6.9 
800 85.1 44.7 30.8 24.4 13.6 
960 — —  59.6 43.5 34.6 23.4 
1120 t=3«. —  —  56.2 44.5 31.9 
TCo = 54.2(185.0 - 0.0709X) + 9,852.0(185.0% - 0.0709%^ )"" 
(28) 
îG^ = 59.3(179.6 -0.0558%)"^ +11,719.0(179.6%-0.0558%^)"^ 
(29) 
TC- = 57.4(176.0 - O.ÙWfZ)"^  +13,832.0(176.OX- 0=0404X^ )"^  . 
(30) 
The average costs of producing $1 worth of crop product 
for selected 30"-row machinery combinations based on the 
continuous corn cropping system and 1971-73 prices on the 
Humboldt farm are presented in Figure 10. Table 19 indi­
cates that the 4-30" combination is most efficient when 
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Figure 10. Average costs of producing worth of crop 
product for selected 30"-row machinery combina­
tions based on the continuous corn cropping 
system and 1971-73 prices on the Humboldt farm 
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Table 19» Cost per dollar of crop product for selected 
30"-row machinery combinations with the con­
tinuous corn cropping system and 1971-73 prices 
on the Humboldt farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-30" 0-300 32b $0.53 
6-3O" 300-430 480 0.49 
8-30" 430-800 480 0.48 
4-30",4-30" none 640 0.53 
4.30",6-30" 800-1120 800 0.51 
farm size is less than 3OO acres of cropland. When crop-
acres range between 300-^ 30 acres, the 6-30" combination 
has the lowest average total cost. And the 8-30" combina­
tion has the largest cost advantages when cropland acreage 
is between 430-800 acres. Beyond 800 acres, the 4-30",6-30" 
combination is most efficient. The minimum average cost 
varies from #0.48 for the 8=30" combination to $0.^ 3 for-
the 4-30" combination. However, the acreage required to 
attain the minimum average cost varies from 320 crop-acres 
for the 4-30" combination to 800 crop=acres for the 
4-30",6-3O" combination. This implies that the minimum 
average cost would not change very much, even though ma­
chinery capacity and crop acreage are changed significantly. 
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Long-run average total cost per dollar of crop product; 
continuous corn cropping system^  10"-row machinery combi­
nations and 1971-7% prices 
The long-run average cost curve based on the five short-
run average cost curves presented in Figure 10 is given in 
Figure 11. Figure 11 indicates that under 30"-row combina­
tions with the continuous corn cropping system and 1971-73 
prices, the 8-30" machinery combination attains the long-
run minimum average cost of $0A8 with 480 crop-acres, 
nevertheless, Figure 11 also Indicates that the average 
cost varies only 5 percent or less from the minimum cost 
between 360-900 crop acreage and thus can be considered 
approximately constant for this range. Per unit costs in­
crease quite sharply for acreages of less than 360 crop-
acres indicating relatively large cost economies as acreage 
is extended to 360 acresc Between 3^ 0-900 acres^  the 
6-30", 8-30" and 4-30">6-30" machinery combinations can be 
used to achieve the major scale advantages. Again, the 
budgeting results show that cost economies can be attained 
almost equally well by several different machinery combina­
tions and different crop-acreages= 
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Figure 11. Long-run average cost curve for selected 30"-
row machinery combinations based on the con­
tinuous corn cropping system and 1971-73 
prices on the Humboldt farm 
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Short-run average total cost per dollar of crop product; 
current cropping system^  40"-row machinery combinations 
and 1971 prices 
The cost curves presented thus far all have been based 
on 1971-73 average product prices. Cost curves based on 
1973 product prices are now presented in this section to 
examine the effects of changing price levels upon economies 
of farm size. 
The 1971-73 prices for corn, soybeans and oats were 
$1,385 #4^ 23 and $0.77 per bushel, respectively, and the 
hay price was $22.70 per ton. The 1973 prices for corn, 
soybean and oats increased to $1.81, $6.49 and $0.94 per 
bushel and hay increased to $25*80 per ton (Table 71). 
Under the current cropping system and 40"-row combinations, 
the total revenue per acre without untimeliness losses would 
increase frosi $159-1 to $224-5 whsn prices shift from the 
1971-73 level to the 1973 level. Since the input prices are 
assumed to stay the same, the total cost per acre for 40"-
row combinations remains unchanged. The untimeliness losses 
in dollars per* acre for selected 40"-row machinery combina­
tions with the current cropping system and 1973 prices on 
the Humboldt farm is presented in Table 20. Untimeliness 
losses per acre increase in terms of dollar values, even 
though the untimeliness losses in terms of physical quantity 
remain the same (Tables 8 and 20). 
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Table 20. Untimeliness losses in dollars per acre for 
selected ^ 0"-row machinery combinations with 
the current cropping system and 1973 prices on 
the Humboldt farm 
Machinery combination 
acres 4-40" 6-40" 8-40" 4-M-O" 4-40" 
if-40" 
6-40" 
160 $ 0.0 $ 0.0 $ 0.0 $ 0.0 $ 0.0 
320 2.4 1.0 0.7 0.0 0.0 
kSO 9.6 3.9 3.4 0.3 0.2 
640 39.3 14.3 6.8 1.6 1.2 
800 75.0 37.5 15.7 3.3 2.7 
360 — - 66.2 30.7 10.4 6.3 
1120 - - —  —  ?7,9 23.8 19.1 
1280 — —  —  —  —  38.5 27.5 
Average costs per dollar of crop product are affected 
by the shift in price levels, since total revenue and un­
timeliness losses are changed by the different price level 
while the average cost remain unchanged. 
The cost functions estimated for selected 40"-row ma­
chinery combinations based on the current cropping system 
and 1973 prices on the Humboldt farm are: 
IC^  = "te.VCaéa.?-0.1153X)'^ +7,072.0(262.7X-0.1X53X^ )"^  
(31) 
ICg = 4 -^.2(238.0 + 9,404.0(238.0X -0.04l5]f 
(32) 
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TO. = 43.3(253.7 -0.0672X)"'^ +10,9^ 2.0(253.7X-0.0672X^ )'^  
(33) 
TC^  = 46.7(237.3 -Oo0269X)'^ +13,177.0(237.3X-0.0269X^ )~^  
(34) 
TC^  = 45.4(232.4-0.0170X)"^ +15,492.0(232.4X-0.0170X^ )"^  . 
(35) 
The average costs of producing $1 worth of crop product 
for selected 40"-row machinery combinations, based on the 
current cropping system and 1973 prices on the Humboldt 
farm are presented in Figure 12. Average cost curves in 
Figure 12 indicate that the 4-40" combination has the lowest 
total cost for a farm size of less than 500 crop-acres. The 
6-40" and 8-40" combinations are most efficient with a crop 
acreage between 500-580 acres and between 580-930 acres, 
respectively. The 4-40".4-40" combination has lowest unit 
cost from 930 to 1020 crop-acres but beyond 1020 acres, the 
4-40",6-40" is the most efficient combination. Table 21 in­
dicates that the minimum average cost for each combination 
varies 2 cents or less, while the crop acreage required to 
attain each combination's minimum unit cost varies from 480 
acres for the 4-40" combination to 1120 acres for the 
4-40",6-40" combination. 
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Table 21. Cost per dollar of crop product for selected 4-0"-
row machinery combinations with the current 
cropping system and 1973 prices on the Humboldt 
farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
6-40" 
8-4-0" 
4-4-0" ,4-1+0" 
4-4-0" ,6-4-0" 
0-500 
500-580 
580-930 
930-1020 
1020-1280 
480 
64-0 
800 
960 
1120 
.29 
0.28 
0.27 
0.28 
0.28 
Long-run average total cost per dollar of crop product: 
current cropping system. 4-0"-roy machinery combinations 
and 1971 price 
The long-run average cost for selected 4-0"-row machinery 
combinations based on the current cropping system and 1973 
prices on the Humboldt farm is presented in Figure 13. The 
long-run average cost curve in Figure 13 attains a minimum 
average cost of $0.27 at 800 acres. However, the average 
cost par dollar of crop product varies less than 5 percent 
from the minimum average cost and can be considered approxi­
mately constant between 4-30-1160 crop-acres. Thus, all five 
machinery combinations can be applied to achieve the major 
shares of cost economies of farm size in that range. 
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Short-run average total cost per dollar of crop product; 
current cropping system. ^ 0"-row machinery combinations and 
197% prices 
The average costs of producing $1 worth of crop product 
for selected 30"-row machinery combinations, based on the 
current cropping system and 1971-73 prices was presented in 
Figure 6. In this section, other things remain unchanged 
but product price is shifted from the 1971-73 level to the 
1973 level. This allows us to examine the effect of product 
prices upon the cost structures and the cost economies of 
farm size with 30"-row machinery combinations. 
Total revenue per acre without untimeliness losses in­
creases from $171.0 to $2k2»k for the Humboldt farm when the 
price level is changed from 1971-73 prices to 1973 prices. 
Untimeliness losses per acre are also affected by the change 
in price levels, untimeliness losses in dollars psr acre 
for selected 30"-row machinery combinations with the current 
cropping system and 1973 prices are presented in Table 22, 
For all machinery combinations, untimeliness losses are in­
creased in dollar terms, #ien prices shift from the 1971-73 
level to the 1973 level (Tables 12 and 22). 
The cost functions estimated for selected 30"-row ma­
chinery combinations based on the current cropping system 
and 1973 prices on the Humboldt farm are: 
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Table 22. Untimellness losses in dollars per acre for 
selected 30"-row machinery combinations with 
the current cropping system and 1973 prices on 
the Humboldt farm 
Machinery combination 
acres 4-30" 6-30" 8-3O" It-30" k-30" 
4-30" 
6-3O" 
160 $ 0.0 $ 0.0 $ 0.0 $ 0.0 $ 0.0 
320 3.8 1.2 0.8 0.0 0.0 
480 35.9 7.3 3.6 0.6 0.2 
640 76.9 32.1 11.4 4.2 1.6 
800 113.5 61.0 23.3 15.8 5.0 
960 — —  98.8 56 = 0 33.0 11.2 
1120 — - 89.3 54.7 27.1 
1280 — - — — — — 
TC^  = 49.7(313.1 -0.2284%)-! +6;899.0(313.1X-0.2284x2)-! 
(36) 
TCg = 46.8(275.2 -0.0965X)-! + 9,216.0(279.2%-0.096#f)'"l 
(37) 
TC^  = 45.8(290.3-0.1092X)"!+10,578.0(290.3%-0.1092X2)""! 
(38) 
TC^ _ = 4.9.7(273.4 -0.0682%)"! +13^ 070.0(273.4X -0.0682%-)-! 
(39) 
TC^  = 48.2(256.9 -0.0306%)"'! +15,247.0(256.9% = 0..0306x2)-l, 
(40) 
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The average costs of producing $1 worth of crop product 
for selected 30"-row machinery combinations based on the 
current cropping system and 1973 prices on the Humboldt 
farm are presented in Figure 14-. Table 23 indicates that 
the 4-30" combination has the lowest unit cost vftien crop 
acreage is less than 3^ 0 acres. The 6-30" combination and 
8-30" combinations are most efficient between 3^0-500 
acres and between 500-860 acres, respectively. Beyond 
860 crop-acres, the 4-30",6-30" combination has the lowest 
unit cost. Within the range of cropland acreage examined, 
the 4-30",4-30" combination is inefficient since its unit 
cost is always higher than the cost of at least one of 
other combination's unit cost. 
The acreage required to achieve minimum average cost 
varies from 320 crop-acres for the 4-30" combination to 
960 crop=a.Gres for the 4-30" j6-30" combination, however, 
the rûinimuiïï average cost varies 3 cents or less for all 
30"-row machinery combinations. This implies that several 
machinery combinations and farm sizes can exist side by 
side and realise the major advantages of cost economies. 
For example, as indicated in Table 23, the 6-30" combina­
tion with 480 crop-acres attains the same average cost as 
the 4-30",6-30" combination with a farm size of 960 crop-
acres. 
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Table 23» Cost per dollar of crop product for selected 
30"-row machinery combinations with the current 
cropping system and 1973 prices on the Humboldt 
farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-30" 0-340 320 10.30 
6-3O" 340-500 480 0.28 
8-3O" 500=860 720 0.27 
4-30",4-30" none 800 0.29 
4-30",6-3O" 860-1120 960 0.28 
Long-run average total cost per dollar of crop product: 
current cropping system. ^ 0"-row machinery combination and 
1971 prices 
The long-run average cost curve for selected 30"-row 
machinery combinations based on the current cropping system 
and 1973 prices on the Humboldt farm is presented in Figure 
15". The long-run minimum average cost of $0.27 is achieved 
by the 8=30" machinery combination with a crop acreage of 
700. Again, the long-run cost curve is quite flat when crop 
acreage is between 420-1080 crop-acres and the unit costs 
vary only ^  percent or less from the minimum unit cost. 
Three machinery combinations can be used to realize the main 
advantages of scale economies between 420-1080 acres. They 
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are: (a) 6-30" combination, (b) 8-30" combination and (c) 
-^30",6-30" combination. 
Cost Structures for the Kossuth Farm 
The Kossuth farm situation has a corn suitability rating 
of 72.5, which is lower than for the Humboldt farm case. It 
was selected to represent the situation for those areas which 
have an average corn suitability rating in North Central 
Iowa. With high levels of management in both cases, the 
crop yields per acre for the Kossuth farm are lower than for 
the Humboldt farm. For example, the yields per acre with 
the ^ 0"-row combination are 110.6, 88.^  and ^ 2.2 bushels, 
respectively, for corn, oats and soybean on the Humboldt 
farm, compared with 103.9, 80.1 and 39*7 bushels, respec­
tively, on the Kossuth farm (Table 2). Although the aver­
age cost per acre for the Kossuth farm is assumed the same 
as the Humboldt farm, total revenue and untimeliness losses 
per acre are different for both farms, and thus the cost 
structures differ accordingly. The short-run and long-run 
average costs per dollar of crop products will be derived 
in this section under the different combinations of crop­
ping system, machinery combination and price level. 
Since the budgeting procedures and results are quite simi­
lar in both the Humboldt and Kossuth farms, the cost 
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structures for the Kossuth farm would be discussed only 
briefly. 
Short-run average total cost per dollar of crop product: 
current cropping system. ^ 0"-row machinery combinations 
and 1971-7% prices 
The cost functions estimated for selected ^ 0"-row ma­
chinery combinations based on the current cropping system 
and 1971-73 prices on the Kossuth farm are: 
TC^  = 46.7(176.0 - 0.0787X)"1 + 7,072.0(176.0X-0.0787X2)-1 
(4-1) 
TCg = 44.2(1^ 8.0 -0.0268X)"^  + 9,^ 04-.0(158.0X -0.0268X^ )"^  
(4-2) 
TC, = 43.3(168.0-0.04-32X)'^ +10,942.0(168.OX-0.04-32X^ )'^  
(43) 
= 46.7(157.9 - 0.0179X)°^  +13,177.0(157.9X -0.0179X^ )"^  
(44) 
Tc^  = 45.4(154.5 -o.oiiix)""! +15,492.0(154.5X -0.0111x2)-!. 
(45) 
The average costs of producing worth of crop product 
for selected 40"*-ro"w machinery combinations, based on the 
current cropping system and 1971-73 prices on the Kossuth 
farm are presented in Figure 16. Compared with the average 
cost curves of the Humboldt farm in Figure 4, the shapes 
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Figure 16. Average costs of pr-oduelng 1^ worth of crop 
product for selected H-0"-row machinery com­
binations based on the current cropping system 
and 1971-73 prices on the Kossuth farm 
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Table 24-. Cost per dollar of crop product for selected hO"-
ro¥ machinery combinations with the current 
cropping system and 1971-73 prices on the Kossuth 
farm 
Machinery 
combination 
4-40" 0-500 480 A3 
6-40" 500-600 640 .42 
8-40" 600-880 800 .41 
4-40",4-40" 880-960 960 .42 
4-40",6-40" 960-1280 960 .42 
lowest average cost %nqt 
total cost acreage 
are quite similar, but the position of the cost curves have 
shifted because the average costs per dollar of crop product 
are slightly higher for the Kossuth farm. 
Table 24 indicates that with the current cropping sys­
tem, relatively large acreages are needed to obtain cost 
benefits from recent machinery innovations such as the 8-40" 
machinery combinations on the Kossuth farm but the cost ad­
vantages to be gained are quite small. For example, the 
minimum average costs for the 4-4o" and 8-40" combinations 
are $0,43 and #0.4l respectively. The 8-40" combination, 
however, requires 800 crop-acres to attain its minimum aver­
age cost and the 4-40" combination only requires 480 acres 
to attain its minimum average cost. 
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Long-run average total cost per dollar of crop product ; 
current cropping system^  ^ 0"-row machinery combinations 
and 1971-7% prices 
The long-run average cost curve for selected MD"-row 
machinery combinations, based on the current cropping sys­
tem and 1971-73 prices on the Kossuth farm, is presented 
in Figure 17. Although the minimum cost of $OAl is at­
tained at 800 crop-acres, the long-run average cost varies 
only ? percent from the minimum cost between M+0 to 11^ 0 
crop-acres and can be considered approximately constant. 
All five sets of !+0"-row machinery combinations can attain 
the major advantages of farm size for crop acreages be­
tween ^ O^-ll'+O acres. 
Short-run average total cost per dollar of crop product : 
current cropping system^  %"-row machinery combinations 
and 1971"7% prices 
The yields per acre on the Kossuth farm for 30"-row 
combinations are 109=1 and 44.1 bushels, respectively, for 
corn and soybeans compared with 103*9 and 39*7 bushels for 
4-0"-row combinations (Table 2). The average total cost and 
untimeliness losses per acre are also slightly different 
between the 4-0"-row and 30"=row combinations. 
The cost functions estimated for selected 30"-row ma­
chinery combinations, based on the current cropping system 
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and 1971-73 prices on the Kossuth farm are: 
TC^  = 49.7(206.7 - 0.1521X)"^  + 6,899.0(206.7X-0.1521X^ )'^  
(46) 
rCg = 46.8(182.1 -0.0625X)"^ +9,216.0(l82.1X-0.0625X^ )"^  
(47) 
TO. = 45.8(192.0-0.0702X)"^ +10,578.0(192.OX-0.0702X^ )'^  
(48) 
TCi^ = 49.7(l8l.4 - 0.045lX)"^+13j070.0(l8l.4x-0.045lX^)'^ 
(49) 
TC^  = 48.2(171.3 -0.0217X)"^ +15,247.0(171.3X-0.0217X^ )"^  . 
(50) 
The average costs of producing $1 worth of crop product 
for selected 30"-row machinery combinations, based on the 
current cropping system and 1971-73 prices on the Kossuth 
farm, are presented in Figure 18. Again, the shapes of the 
cost curves of 30"-row combinations on the Kossuth farm are 
similar to those of the Humboldt farm (Figure 6). However, 
average costs for the Kossuth farm are higher than those of 
the Humuoldt farm for all 30"=row machinery combinations. 
This is mainly because the Humboldt farm has higher per 
acre crop yields than the Kossuth farm. 
Table 25 indicates that the minimum average cost is 
$0.40 for the 8-3O" combination and $0.42 for both the 6-30" 
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Table 25* Cost per dollar of crop product for selected 
30"-row machinery combinations with the current 
cropping system and 1971-73 prices on the 
Kossuth farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total cost 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-30" 0-360 320 $0.4-5 
6-30" 360-500 480 0.4-2 
8-30" 500-800 800 0.40 
4-30" ,4-30" none 800 0.44. 
4-30",6-30" 880-1120 960 0.42 
and 4-30",6-30" combinations. The cost advantages of the 
8-30" combination over the 6-3O" combination is only 2 cents 
per dollar of crop product, but the 8-30" combination re­
quires 320 additional crop-acres to attain its minimum 
average cost» 
Long-run average total cost per dollar of crop product: 
current cropping system. ^ 0"-row machinery combinations 
and 1971-71 prices 
The long-run average cost curve for selected 30"-row 
machinery combinations based on the current cropping system 
and 197I-73 prices on the Kossuth farm is presented in Fig­
ure 19. The long-run average cost attains its minimum of 
$0.MD at 800 crop-acres but varies 5 percent or less from 
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the minimum average cost between 4-20 and 1000 crop-acres. 
Thus, the 6-30", 8-30" and ^ -30",6-30" combinations can be 
efficiently applied to realize the major shares of cost 
economies when crop acreage is between ^ 20 and 1000 acres. 
Short-run average total cost per dollar of crop product: 
continuous corn cropping system, 1+0"-row machinery combina­
tions 1973.-73 prices 
The yield per acre is 103*9 bushels of corn on the 
Kossuth farm under the continuous corn cropping system. 
With 1971-73 prices, the corn price is $1*38 per bushel 
and total revenue is $1^ 3*^  per acre when no untimeliness 
losses occur. The 4-0"-row combination has the same average 
cost per acre for the Kossuth and Humboldt farms under the 
continuous corn cropping system and 1971-73 prices, al­
though the Humboldt farm has a higher total revenue of 
$152.6 per acre with no untimeliness losses. 
The cost functions estimated for selected 4-0"-row 
machinery combinations, based on the continuous corn cropping 
system and 1971-73 prices on the Kossuth farm are: 
TG^  = 55,0(161.9 -0.073W- +6,040.0(161.9% -0.073^ ]f)"^  
(51) 
TCp = 51.8(158.1 -0.0493%)"^ +8,306.0(158.IX -0.04-93%^ ) 
(52) 
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TO g = 50.6(162.5-0.0520X)"^ +9,780.0(162.5X-0.0520X^ )"^  
(53) 
TC^ . = 55.0(15^ .1 -0.0276X)"!+11,827.0(154.1%-0.0276x2)-! 
(5»+) 
TCg. = 53.4(153.1 -0.0229X)"^ +m-,071.0(153.IX-0.0229x2)""^  . 
(55) 
The average costs of producing $1 worth of crop product 
for selected 40"-row machinery combinations, based on con­
tinuous corn cropping system and 1971-73 prices, on Kossuth 
farm are presented in Figure 20. 
Table 26 indicates that the minimum average cost varies 
2 cents or less for the 6-M3", 8-4o" and 4-40",6-40" com­
binations, while the crop acreage must vary from ^ 80 acres 
for the 6-4-0" combination to 960 acres for the 4-4-0",6-^ 0" 
combination in order to attain each combination's minimum 
average cost. Furthermore, the 4-40",6-40" combination 
with 960 crop-acres has a higher minimum average cost than 
the 6-40" combination with 480 crop-acres. The budgeting 
results suggest that large machinery combinations such as 
the 4-4-0",6-4o" combination with a large crop acreage of 
960 acres, do not necessarily have the cost advantages over 
smaller combinations such as the 6-40" combination with 
480 crop-acres. 
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Figure 20. Average costs of prOuueing worth of crop 
product for selected 40"-row machinery com­
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ping system and 1971-73 prices on the Kossuth 
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Table 26. Cost per dollar of crop product for selected 
40"-row machinery combinations with the con­
tinuous corn cropping system and 1971-73 
prices on the Kossuth farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
-^40" 0-380 480 $0.53 
6-40" 380-510 480 0.51 
8-4-0" 510-830 640 0.50 
4-40",4-40" none 800 0.52 
4-40",6-40" 830-1120 960 0.52 
Long-run average total cost per dollar of crop product: 
continuous corn cropping system, ^ "-roy machinery combina­
tions and 1971-71 prices 
The long-run average cost curve for selected ^ •0"-ro¥ 
machinery combinations, based on the continuous corn cropping 
system and 1971-73 prices, on the Kossuth farm is presented 
in Figure 21. The long-run minimum average cost of #0,50 is 
attained when crop acreage is 6^ 0 acres. Figure 21 also 
indicates that between 3^ 0 and 1100 crop-acres- the long-run 
average cost varies only 5 percent or less from the minimma 
average cost and thus can be considered approximately con­
stant. The major scale economies of farm size are realized 
when the crop acreage is expanded beyond 380 acres. 
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Short-run average total cost per dollar of crop product; 
continuous corn cropping system^  10"-row machinery combina­
tions and 1971-7% prices 
The average costs per acre for 30"-row machinery combi­
nations are higher than for 40"-row combinations for both 
the Kossuth and Humboldt farms. The total revenue per acre 
for the Kossuth farm is $150.6 for 30"-row combinations and 
the continuous corn cropping system. This is slightly 
higher than the $1^ 3.^  for 40"-row combinations. 
The cost functions estimated for selected 30"'=row ma­
chinery combinations 5 based on the continuous corn cropping 
system and 1971-73 prices on the Kossuth farm are: 
TC^ = 59.3(179.2-0.1275X)"^ + 5j986 = 0(179-2X-0.1275X^)"^ 
(56) 
TGg = 55-6(172.7 - 0.0775%)4-8,121 = 0(172,7% -0.0775]f)"^  
(57) 
TO g = 54.2(175.2 -0.0698X)"! +9,852.0(175.23: -0,0698x2)-! 
(58) 
TC^ _ = 59,2(169.8 -0.05if7X)"! +11.719.0(169.8X -0.05V7X^ )"^  
(59) 
TC^  = 57.m66.3 -0.0397X)"^ +13,832.0(166.3X-0.0397X2)"^  • 
(60) 
The average costs of producing $1 worth of crop product 
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for selected 30"-row machinery combinations, based on the 
continuous corn cropping system and 1971-73 prices, on the 
Kossuth farm are presented in Figure 22. 
Table 27 indicates that the minimum average cost only 
varies from $0.56 for the ^ +-30" combination to $0.52 for the 
8-30" combination, although the crop acreage required to at­
tain each combination's minimum average cost varies from 320 
crop-acres for the ^ -30" combination to 800 crop-acres for 
the 4^ -30" .6-30" combination. Even though the optimum crop 
acreage required for each combination varies considerably, 
the main cost advantages of farm size are realized when crop 
acreage is expanded beyond 320 acres. 
Table 27. Cost per dollar of crop product for selected 
30"-row machinery combinations with the con­
tinuous corn cropping system and 1971-73 P?i 
on the Kossuth farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-30" 0-260 320 $0.56 
6-30" 260-410 480 0,53 
8-30" 410-760 480 0.52 
4-30",4-30" none 640 0.56 
4-30",6-30" 760-1120 800 0.54 
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Long-run average total cost per dollar of crop product: 
continuous corn cropping system, ^ 0"-row machinery combina­
tions and 1971-71 prices 
The long-run average cost curve for selected 30"-row-
machinery combinations, based on the continuous corn cropping 
system and 1971-73 prices, on the Kossuth farm is presented 
in Figure 23» The long-run minimum average cost of $0.52 is 
attained at ^ 80 crop-acres, although the average cost varies 
5 percent or less from minimum average cost vAien crop acreage 
is between 320 and 880 crop-acres. Within this range of 
crop acreage, several machinery combinations can attain the 
major cost advantages of farm size. 
Short-run average total cost per dollar of crop product: 
current cropping system. l+0"-row machinery combinations and 
1971 prices 
This section deals vjith the effect of prices on the 
cost curves for 40"-row machinery combinations on the Kossuth 
farm. The price level is shifted from the 1971-73 level to 
the 1973 level and thus causing total revenue to shift up-
î'jard yhile total cost per acre remains unchanged. The re­
sulting effect is that average costs per dollar- of crop 
product go down for all V0"-row combinations. 
The cost functions estimated for selected 40"-row ma­
chinery combinations based on the current cropping system 
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row machinery combinations based on the con 
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and 1973 prices are: 
= 46.7(250.3-0.1l43X)-l +7,072.0(250.3%-0.1143x2)-! 
(61) 
TCg = V+.2(225.3 -0.0403%)"^  +9,404.0(225.3% -0.0403X2)-! 
(62) 
TC^  = 43.3(241.1 -0.0664X)"! +10,942.0(241.IX -0.0664x2)-! 
(63) 
TCi^  = 46.7(224.7 -0.0265X)'!+13,177.0(224.7X-0.0265x2)-! 
(64) 
TC^ = 45.4(220.1 -0.0166X)"!+3 5,492.0(220ilX-0.0166x2)-!. 
(65) 
The average costs of producing $1 worth of crop product 
for selected 40"-row machinery combinations, based on the 
current cropping system and 1973 prices, are presented in 
Figure 24. 
Table 28 indicates that the minimum average cost for 
each 40"-rov7 combination varies by only 1 cent for all 
40"-row combinations 5 but the crop acreage required to at­
tain each combination's minimum average cost varies from 
480 acres to 960 acres. These budgeting results suggest 
that the cost advantages of machinery combinations larger 
than the 4-40" combination are rather small when crop 
acreage is expanded beyond 480 acres. 
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Table 28. Cost per dollar of crop product for selected 
•^0"-row machinery combinations with the current 
cropping system and 1973 prices on the Kossuth 
farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
4-1+0" 0-500 480 $0.30 
6-40" 500-560 640 0.30 
8-40" 560-930 800 0.29 
4-40",4-40" none 960 0.30 
4-40",6-40" 930-1120 960 0.30 
Long-run average total cost per dollar of crop product: 
current cropping system, 40"-row machinery combinations 
and 197^  prices 
The long-run average cost curve for selected 40"-row 
machinery combinations, based on the current cropping sys­
tem and 1973 prices, on the Kossuth farm is presented in 
Figure 2J. The long-run average cost curve is quite flat 
between ^ 00 and II90 crop acreage. In fact, the average 
cost curve varies 5 percent or less from its minimum of 
$0.29 within this range of acreage. All five selected *+0"-
row combinations can attain the major cost advantages when 
crop acreage is expanded beyond 410 acres. 
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Figure 25* Long-run average cost curve for- selected 40"-
row machinery combinations based on the cur­
rent cropping system and 1973 prices on the 
Kossuth farm 
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Short-run average total cost per dollar of crop product: 
current cropping system, 10"-row machinery combinations 
and 197% prices on the Kossuth farm 
This section deals with the effect on the minimum cost 
for 30"-row machinery combinations on the Kossuth farm when 
the price level is shifted from the 1971-73 level to the 
1973 level. Total revenue per acre increases when product 
prices increase, but input prices are assumed unchanged. 
Hence, the average costs per dollar of crop product go down 
for all 30""row combinations» 
The cost functions estimated for selected 30"-row ma­
chinery combinations based on the current cropping system 
and 1973 prices are: 
TC^  = ^ 9.7(297.^ -0.2250X)"^ +6,899.0(297.n-X-0.2250X^ )"^  
(66) 
TCg = 46.8(260.0 - 0.0946%)+9,216.0(260.OX - 0.0946X^ ) 
(67) 
TC^  = 45.8(275.0-0.1072X)°^ +10,578.0(275.0X-0.1072X^ )"^  
(68) 
TC^  = 49.7(258.5 - 010672%)+135070.0(258 = 5X -0 = 0672X^ ) 
(69) 
TC^  = 48.2(241.8 -0.0299X)"^ +15,247.0(241.8X-0.0299X^ )"^  . 
(70) 
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The average costs of producing $1 worth of crop product 
for selected 30"-row machinery combinations, based on the 
current cropping system and 1973 prices are presented in 
Figure 26. 
Table 29 indicates that the minimum average cost varies 
3 cents or less for all 30"-row combinations. However, the 
crop acreage required to attain each combination's minimum 
average cost varies from 320 acres for the 30" combination 
to 960 acres for the 30",6-30" combination. In all five 
combinations examined, the budgeting results indicate that 
the cost advantage of larger combinations is small once 
the crop acreage is expanded beyond 320 crop-acres. 
Table 29» Cost per dollar of crop product for selected 
30"-row machinery combinations with the cur­
rent cropping system and i9v3 prices on the 
Kossuth farm 
Machinery 
combination 
Range in 
acreage with 
lowest average 
total costs 
Minimum 
average 
cost 
acreage 
Minimum 
average 
cost 
if-30" 0-390 320 $0.32 
6-30" 350-510 y-oO 0.30 
8-30" 510-850 720 0.29 
-^30" ,4-30" none 800 0.31 
4-30",6-30" 850-1120 960 0.30 
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Long-run average total cost per dollar of crop productî 
current cropping system. ^ 0"-row machinery combinations 
and 197% prices 
The long-run average cost curve for selected 30"-row 
machinery combinations based on the current cropping system 
and 1973 prices on the Kossuth farm is presented in Figure 
27. The cost curve attains its minimum of $0.29 at 720 
crop-acres. Between 400 and 1060 crop-acres, however, the 
average cost varies only 5 percent or less from its mini­
mum and thus can be considered approximately constant. The 
long-run average cost curve suggests that the major share 
of the cost economies of farm size is attained when crop 
acreage is expanded beyond 350 crop-acres. 
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COMPARISONS OF THE BUDGETING RESULTS 
The positions and shapes of both the short-run and 
long-run cost curves presented in the previous chapter are 
affected by the cropping system, price level, machinery 
combination and the type of farm for which they are esti­
mated. In this chapter, budgeting results under different 
situations are presented and then the effects of those fac­
tors which affect the cost curves are compared. When land 
rent is included in the total cost, the cost curves would 
also be affected, therefore, the effects of land rent upon 
the cost curves will be examined in this chapter. Next, 
the break-even prices for corn and the residual returns to 
labor and land under different resource combinations will 
be estimated. Finally, the budgeting results will be com­
pared with the current resource utilization in the study 
area to indicate the necessary adjustment of resources use 
in the area to attain the major cost economies of farm size 
and machinery investment. 
Factors Affecting the Cost Function 
The major budgeting results under different situations 
are presented in Tables 30, 31 and 32 in this section. Table 
30 presented the comparisons of minimum per-unit cost for 
selected machinery combinations with two cropping systems 
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and two price levels on the Humboldt and Kossuth farms. 
In the short-run, machinery investment is fixed for any-
given machinery combination and there is a specific crop 
acreage required to attain the minimum average cost for 
that particular combination. Table 30 provides the short-
run comparisons for all selected machinery combinations 
under various situations. 
In the long-run, however, all machinery investments 
as well as cropland and other inputs are variable. It is 
ex&remely important to know what kind of resource com­
binations could be organized in order to achieve most of 
the cost economies of size available. For practical pur­
pose, it is assumed that principal cost economies of size 
are realized when resource combinations attain a unit cost 
within ^  percent of minimum cost and are considered con­
stant for that range in crop acreage. Tables 31 and 32 
present the selected machinery combinations and crop acreage 
necessary to achieve unit cost within and 10 percent of 
minimum unit cost, based on two cropping systems and two 
price levels on the Humboldt and Kossuth farms. Thus, 
Tables 31 and 32 provide the long-run comparisons for- the 
various factors which affect the efficiency of resource 
combinations. The effects of the cropping system, price 
level, type of farm and machinery combinations upon the 
Table 30. Comparisons of minimum per-unit cost for selected machinery combinations 
for two cropping systems and two price levels on the Humboldt and 
Kossuth farms 
Mini.mum cost Minimum average cost 
Machinery — current cropping system continuous corn 
combination current 
cropping 
system 
contin­
uous 
corn 
Humboldt Kossuth Humboldt Kossuth 
1971-73 
prices 
1973 
prices 
1971-73 
prices 
1973 
prices 
1971-73 
prices 
1973 
prices 
480 480 $0.40 80.29 $0.43 $0.30 $0.49 $0.53 
6-40" 640 480 0.39 0.28 0.42 0.30 0.47 0.51 
8-40" 800 640 0.38 0.27 0.41 0.29 0.46 0.50 
4-40",4-40" 960 800 0.40 0.28 0.42 0.30 0.49 0.52 
4-40",6-40" 960 960 0.40 0.28 0.42 0.30 0.48 0.52 
4-30" 320 320 $0.42 $0.30 $0.45 &O.32 $0.53 $0.56 
6-30" 480 480 0.40 0.28 0.42 0.30 0.49 0.53 
8-30" 800 480 0.37 0.27 0.40 0.29 0.48 0.52 
4-30",4-30" 800 640 0.41 0.27 0.44 0.31 0.53 0.56 
4-30",6-30" 960 800 0.39 0.28 0.42 0.30 0.51 0.54 
Table 31. Selected machinery combinations and crop acreage necessary to achieve 
unj.t cost within 5 and 10 percent of minimum unit cost based on two 
cropping systems and two price levels on the Humboldt farm 
>0 percent 10 percent 
current croiapine system 
ces 1973 prices 
continuous corn 
1971-7prices 
Machinery Ila,nge Machinery Range Machinery jRsinge 
combination in crop combination in crop combination in crop 
acreage acreage acreage 
current cropping system 
1971-7"^  prices 
Machinery Range 
combination in crop 
acreage 
4-40" 
6-40" 
8-1+0" 
4-40",6-40» 
460-
1180 
4-4o" 
6-40" 
8-40" 
4-40", 6-40" 
430-
1160 
4-40" 
6-40" 
8-40" 
4-40",6-40" 
360-
1080 
4-40" 
6-40" 
8-40" 
.4-40",6-40" 
380-
1320 
6-30" i+ihO-
' 8-3O" 102:0 
4-30",6-30" 
6-3O" 420-
8-30" 1080 
4-30",6-3O" 
6-30" 3^0-
< 8-30" 900 
4-30",6-30" 
4-30" 360-
6-30" 1140 
8-3O" 
4-30",6-3O" 
Table 32. Selected machinery combinations and crop acreage necessary to achieve 
unît cost within ? and 10 percent of minimum unit cost based on two 
cropping systems and two price levels on the Kossuth farm 
Dercent 10 percent 
current croDUin^ t system continuous corn current croDnins system 
1971-7^  Tjrlces 197% rorices 1971-7"^  Drices 1971-71 iDrices 
Machinery 
combi:tiation 
ilange 
In crop 
acreage 
Machinery 
combination 
Range 
in crop 
acreage 
Machinery 
combination 
Range 
in crop 
acreage 
Machinery 
combination 
Range 
in crop 
acreage 
4-40" 440- '4-40" 410- 4-40" 340- 4-40" 360-
6-40" Il40 6-40" 1140 6-40" 1060 
i 
6-40" 1300 
8-40" 8-40" 
* 
8-40" 8-40" 
.4-40", 6-40" 4-40", 6-^ -0" 4-40",6-40" .4-40",6-40" 
6-30" 420- 6-30" 400- '6-30" 320- 4-30" 340-
8-30" 1000 . 8-30" 1060 i 8-30" 880 
4 
6-30" 1120 
>-30",6-30" 4-30",6-30" 4-30",6-30" 8-30" 
4-30",6-30" 
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cost function will be examined and compared one by one 
through the short-run and long-run budgeting results in 
this section. 
Relationship of cost function to cropping system 
The cost curves presented in the previous chapter for 
selected machinery combinations have been derived for both 
the current and the continuous corn cropping system. Corn, 
soybean, oats and hay are all included in the current 
cropping system, while in the continuous corn cropping sys­
tem only corn is produced. Table 30 indicates that chang­
ing from the current cropping system to the continuous corn, 
affects the cost curves in two ways. First, the minimum 
average cost is increased between 8 to 12 cents per dollars 
worth of output for each selected machinery combination, 
based on 1971-73 prices on the Humboldt and Kossuth farms. 
Second, the crop acreage necessary to attain the minimum 
unit cost for the selected machinery combination is reduced 
for some combinations, even though some remained the same. 
For example, the acreage associated with the minimum cost 
declines from 640 acres to 4-80 acres for the 6-4-0" com­
bination and from 800 acres to 4-80 acres for- the 8-30" 
combination. In contrast, the acreage for the 4-40" com­
bination remains at 4-80 acres and that for the 4-30" com­
bination remains at 320 acres when the cropping system is 
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changed to continuous corn. 
The long-run average costs for both ^ 0"-row and 30"-
row machinery combinations are also affected by changes in 
the cropping system. Table 31 indicates that the crop 
acreage necessary to achieve unit costs within ^  percent 
of minimum unit cost is reduced from the range of ^ 60-
1180 acres to 360-1080 acres for ^ 0"-row combinations, and 
from ¥+0-1020 acres to 340-900 acres for 30"-row combina­
tions based on 1971-73 prices on the Humboldt farm. For 
the Kossuth farm the crop acreage required to attain.the 
major cost economies is reduced from the range of 44-0-1140 
acres to 340-1060 acres for 40"-row combinations, and from 
420-1000 acres to 320-880 acres for 30"-row combinations, 
based on 1971-73 prices when the cropping system is 
changed to continuous corn (Table 32). 
The machinery combinations required to attain the 
constant unit cost remain the same even though the cropping 
system is changed» For 40"-row combinations, four sets of 
combinations, 4-40", 6-40", 8-40" and 4-40",6-40", can be 
used to achieve major cost economies. For 30"-row com­
binations, only three sets of combinations, 6-30", 8-30* 
and 4-30",6-30"5 can be used to realize the main benefits 
of cost advantages. 
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Effects of price changes on cost schedules 
Two price levels, 1971-73 prices and 1973 prices, have 
been used in the construction of the cost curves for the 
selected machinery combinations. The 1973 product prices 
are higher than 1971-73 product prices. The input prices 
are assumed the same for both price levels. Changing from 
1971-73 prices to 1973 prices, Table 30 indicates that the 
minimum average cost is about 11-12 cents lower with 1973 
prices for 40"-row combinations and is about 10-12 cents 
lower for 30"-row combinations based on the current cropping 
system on the Humboldt farm. The minimum average cost re­
duces about 12-13 cents with 1973 prices for ^ 0"-row com­
binations and reduces about 11-13 cents for 30"-row com­
binations based on the current cropping system on the 
Kossuth farm. This change in price level causes the short-
run cost curves to move vertically dowriwaru and thus 
changes the position of the cost curves but the shape of 
the Curves remains uncharged. Hence^  the change in price 
level would not affect the crop acreage required to attain 
the short-run minimum cost for each selected machinery 
combination. 
For the long-run cost curve, however, the crop acreage 
necessary to achieve unit cost within ^  percent of minimum 
cost is slightly reduced when price level is changed from 
1971-73 prices to 1973 prices. This is because the long-
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run cost curve moves vertically downward and thus a wider 
range of crop-acres can attain available cost economies. 
For example, the crop acreage is reduced from ^ 60 acres 
to ^ 30 acres for the ^ 0"-row combinations and reduced from 
M+0 acres to ^ 20 acres for the 30"-row combinations, based 
on the current cropping system on the Humboldt farm. The 
acreage necessary to achieve the constant cost is reduced 
from ¥+0 acres to 4lO acres for the 40"-row combinations, 
and reduced from ^ -20 acres to 400 acres for the 30"-row 
combinations based on the same cropping system on the 
Kossuth farm when the produce prices are shifted to the 
1973 level. Since the crop acreage required to achieve 
the main cost benefits is reduced only about 20-30 acres, 
the machinery combinations used to attain the major cost 
economies of size remain unchanged when the price level 
is changed. Table 3I indicates that the sams four sets of 
40"-row combinations and the same three sets of 30"-row 
combinations are required to achieve the cost advantages 
for both the 1971-73 prices and the 1973 prices. 
Coaiûarisons of cost functions for the Humboldt and Ko a gut h 
farms 
When land rent is not included in the total cost, both 
the Humboldt and Kossuth farms are assumed to have the same 
average cost per acre when both farms have the same 
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resource combinations. Since the Humboldt farm has higher 
crop yields than the Kossuth farm, the Humboldt farm has a 
lower minimum cost for the same selected machinery combina­
tion than the Kossuth farm. Table 30 indicates that the 
differences in minimum cost for the two farms are 3 cents 
or less for both 40"-row and 30"-row combinations based on 
1971-73 prices and the current cropping system. Further­
more, both farms require the same crop acreage to attain 
the minimum cost for each selected machinery combination. 
In the long-run analysis, the budgeting results sum­
marized in Tables 31 and 32 indicate that the crop acreage 
necessary to achieve unit costs within 5 percent of the 
minimum unit cost is 20 acres less for the Kossuth farm, 
than for the Humboldt farm for both •+0"-row and 30"-row 
machinery combinations based on the current cropping sys­
tem and 1971=73 prices- For example5 the acreage required 
is ^ 60 acres and V+0 acres, respectively, on the Humboldt 
and Kossuth farms for 40"-row combinations. Tables 31 and 
32 also indicate that both farms require the same sets of 
machinery combinations to attain the major cost benefits. 
Comparisons of cost functions for- tO '^-pow and 10"=row 
machinery combinations 
The 40"-row and 30"=row machinery combinations have 
similar purchasing costs #en they have the same number of 
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rows. Since the field capacities are different for 40"-row 
and 30"-row combinations, untimeliness losses vary between 
them. Furthermore, total revenue per acre for the 40"-row 
and 30"-row combinations also varies even when we apply the 
same cropping system and same price level on the same farm. 
Table 30 indicates that the minimum cost varies from $0.38 
to $0.40 and from $0.37 to $0.^ 2, respectively, for 40"-
row combinations and 30"-row combinations based on the cur­
rent cropping system and 1971-73 prices on the Humboldt 
farm. The minimum cost varies from #0.41 to $0.43 and 
from $0.40 to $0.4?, respectively, for 40"-row combinations 
and 30"-row combinations on the Kossuth farm. Table 30 
also indicates that for some machinery combinations, the 
crop acreage necessary to attain minimum costs is smaller 
for the 30"-row combination than for the 40"-row combina­
tion. 
The budgeting results of the long-run analysis sum­
marized in Tables 31 and 32 indicate that the crop acreage 
required to attain unit costs within ? percent of minimum 
cost, and thus realize the major cost economies is 20 acres 
less for 30"-row combinations than for 40"-row combinations 
based on the current cropping system and 1973 prices on 
both farms. For example, the crop acreage required is 460 
acres and 440 acres, respectively, for 40"-row combinations 
and 30"-row combinations on the Humboldt farm. The crop 
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acreage required is 440 acres and 420 acres, respectively, 
for 40"-row combinations and 30"-row combinations based on 
the same cropping system and price level on the Kossuth 
farm. 
Effects of Land Rent 
Land rents are not included in the estimates of total 
cost presented in the previous chapter. In this section, 
land rent, which consists of property taxes and an interest 
charge on the land prices, is included in the estimates of 
total cost. The land rents are |62.5 and $58.7 per acre, 
respectively, for the Humboldt and Kossuth farm (Table 70). 
The cost functions estimated for the selected 40"-row 
machinery combinations, based on the current cropping sys­
tem and 1971-73 prices, on the Humboldt farm with a charge 
for land rent in the total costs aréi 
TC^  = 109.2(185.9-0.0793X)"^ +7,072.0(l85.9X-0.07933^ )'^  
(71) 
TCg = 106.7(167.9 -0.0271X)"'l +9,404:0(167,9X -0,027ix2)"l 
(72) 
TC^  = 105.8(178.0-0.O439X)"^+10,942.0(178.OX-0.O439X^ )"^  
(73) 
TC)|^  = 109.2(167.8 -0.0182X)"^ + 13,177.0(167.8X-0.0182X^)"^ 
(74) 
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TC^  = 107.9(16^ .5-0.01l4X)'^ +15,^ 92.0(16^ . 5X-0.011^ X^ )"^ . 
(75) 
The cost functions estimated for the same machinery-
combinations on the Kossuth farm under the same situation 
are: 
TC^  = 105.4X176.0 -0.0787%)"'^  +7,072.0(176.0X -0.0787X^ )"^  
(76) 
TCg = 102.9(158.0 -0.0268X)"^+9,^04-0(158. OX-0.0268X^)"^ 
(77) 
TC* = 102.0(168.0-0.0^ 32X)~^ +10,9^ +2.0(168.OX-0.0432X^ )'^  
(78) 
TC-l = 105=4(157 = 9 -0,0179X)"^ +13îl77.0(157.9X-0.0179X^ )"^  
(79) 
TC^  = 104.1(154.5-o.oiiix)"^ +15,492.0(154.5x-o.oiiix^ )""^ . 
(80) 
The comparisons of minimum per-unit costs for the 
selected machinery combinations, based on the current crop­
ping system and 1971-73 prices, on the Humboldt and Kossuth 
farms with and without a charge for land rent In the total 
costs are presented in Table 33* The minimum average cost 
for each combination increases substantially when land rent 
is included in the total cost. For example, minimum cost 
increases from $0.40 to $0.81 and from $0.42 to $0.80, 
Table 33* Com])arisons of minimiom per-unit costs for the selected machinery com­
binations based on the current cropping system and 1971-73 prices on 
the Eumboldt and Kossuth farris with and -without a charge for land rent 
in the total costs 
Machinery 
combination 
Mnimum cost acreage Minimum average cost 
Total cost 
with 
land rent 
Total cost 
without 
land rent 
Humboldt fai'm Kossuth , farm 
with 
land rent 
without 
land rent 
with 
land rent 
without 
land rent 
h-hO" 480 480 $0.81 $0.40 $0.84 $0.43 
6-40" 480 640 0.80 0.39 0.83 0.42 
8-40" 640 800 0.79 0.38 0.82 0.41 
4-40",4-40" 800 960 0.80 0.40 0.83 0.42 
4-40",6-40" 960 960 0.80 0.40 0.83 0.42 
4-30" 320 320 $0.80 #0.42 $0.82 $0.45 
6-30" 480 480 0.77 0.40 0.80 0.42 
8-30" 640 800 0.76 0,37 0.79 0.40 
4-30",4-30" 640 800 0.79 0.41 0.82 0.44 
4-30",6-30" 800 960 0.77 0.39 0.80 0.42 
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respectively, for the 4-^ -0" and 4-30" combinations based on 
the current cropping system and 1971-73 prices on the 
Humboldt farm. Minimum average cost increases from $0.^ 3 
to $0.84 and from $0.45 to $0.82, respectively, for the 
4-40" and 4-30" combinations based on the same cropping 
system and price level on the Kossuth farm when total cost 
includes a land rent. Table 33 also indicates that the 
crop acreage necessary to attain each combination's mini­
mum cost is reduced for some machinery combinations vàien a 
land rent is included in the total cost. For example, 
the minimum cost acreage for the 6-40" combination is re­
duced from 640 acres to 480 acres based on the current 
cropping system and 1971-73 prices on both farms. 
This can be explained by that as farm size expanded, 
untimeliness losses cause land cost per dollar of crop 
products increases and thus helps to compensate the de­
crease in average fixed cost. This causes the average cost 
curve for a machinery combination turns upward at smaller 
crop-acres when land rent is included in the total cost. 
The long-run cost curve is also affected by land rent. 
Tables 34 and 35 present the selected machinery combinations 
and crop acreage necessary to achieve unit costs within 5 
and 10 percent of minimum unit cost, based on two cropping 
systems and two price levels on the Humboldt and Kossuth 
farms with a charge for land rent in the total cost. The 
Table 3^ . Selected macMnery combinations and crop acreage necessary to achieve 
unit costs within 5 and 10 percent of minimum unit cost based on two 
cropping systems anol twD price levels on the Humboldt farm with a 
chaz-ge for land rent in the total cost 
5 percent 10 percent 
current cropping system 
1971-7% prices 
Machinery 
combination 
Range in 
crop 
acreage 
if-lfO" 
6-40" 
8-40" 
it-40";!+-iK)" 
340-1230 
continuous corn 
1971-73 prices 
current cropping system 
1971-73 prices 
Machinery 
combination 
Range in 
crop 
acreage 
Machinery 
combination 
Range in 
crop 
acreage 
4-1+0" 
6.-40" 
8-40" 
4-40",6-40" 
260-1100 4-40" 
6-40" 
8-40" 
4-40",4-40" 
4-40",6-40" 
260-1360 
4-30" 300-1080 
6-3O" 
8-30* 
4-30",6-3O" 
6-30" 270-820 
< 8-30" 
4-30",6-30" 
%-30" 225-1180 
6-3O" 
4 
8-30" 
4-30",6-30" 
Table 35- Selected machinery combinations and crop acreage necessary to achieve 
luijLt costs within ^  and 10 percent of minimum unit cost based on two 
cropping systems and two price levels on the Kossuth farm with a 
charge for land rent in the total cost 
? percent 10 percent 
current cropping system 
1971-7% prices 
Range in 
crop 
acreage 
Machinery 
combination 
continuous corn 
1971-71 prices 
current cropping system 
1971-71 prices 
Machinery 
combination 
Range in 
crop 
acreage 
Machinery 
combination 
Range in 
crop 
acreage 
4-^ 0" 
6-40" 
< 8-40" 
4-40",4-40" 
4-40'\6-40" 
320-1160 4-40" 
6-40" 
8-40" 
.4-40",6-40" 
270-1020 4-40" 
6-40" 
8-40" 
4-40",4-40" 
4-40",6-40" 
240-1320 
4-30" 
6-30" 
8-30" 
4-30",6-30" 
290-1050 f6-30" 
6-30" 
4-30",6-30" 
270-800 4-30" 
6-30" 
8-30" 
.4-30",6-30" 
225-1150 
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crop acreage necessary to achieve major cost economies 
changes from ranging between 460-1180 acres to-between 
3^ 0-1230 acres and from between 440-1020 acres to 300-
1080 acres, respectively, for 40"-row and 30"-row com<-
bination based on the current cropping system and 1971-73 
prices on the Humboldt farm when a land rent of $62.5 per 
acre is included in the total cost. The parallel changes 
are from 440-ll40 acres to 320-1160 acres and from 420-
1000 acres to 290-1050 acres for 40"-row and 30"-row com­
bination, respectively, on the Kossuth farm when a land 
rent of $58.7 per acre is included in the total cost 
(Tables 31, 32, 34 and 35). The other effect of including 
a land rent in the total cost is that the machinery com­
binations required to attain the major cost economies are 
slightly different, now there are five sets of 40"-row 
combinations and four sets of 30"-row combinations required 
to attain the major cost economies as shown in Tables 34 
and 35' 
Break-Even Prices and Residual Returns 
to Labor and Land 
In this section, break-even corn prices and residual 
returns to labor and land will be determined for each ma­
chinery combination at the minimum cost acreage, based on 
various cropping systems and price levels on both farms. 
•ft. 
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These estimates can be used to compare with the actual 
market prices for corn, labor and land. 
Break-even corn prices on the Humboldt and Kossuth farms 
In this section, the minimum corn prices necessary to 
cover total costs per unit are estimated when both land 
rent and labor charges are included in the cost functions. 
These "break-even" prices are estimated under the assump­
tion that the price ratio between corn and other crops 
remains at previous levels and the acreage is specified 
at the minimum cost acreage for each machinery combination. 
Table 36 presents the corn price at which per-unit costs 
equal returns at minimum cost acreage for the Humboldt and 
Kossuth farms. The break-even prices for corn are $1.12 
and $1.10, respectively, for the and ^ -30" combina­
tions based on the current cropping system on the Humboldt 
farm. The break-even prices are $1,16 and $1.13. re­
spectively, for the ^ -1+0" and ^ +-30" combinations based 
on the same cropping system on the Kossuth farm. Table 
36 also indicates that the estimated break-even prices for 
corn are higher for continuous corn than for the current 
cropping system with other things the same. The estimated 
break-even corn prices are lower than the market prices of 
$1.38 and $1.81, respectively, in 1971-73 and 1973* 
Table 36- Corn price at which per-unit costs equal returns at minimum cost 
acreage for the Humboldt and Kossuth farms 
Current croDDine system Continuous corn 
Machinery 
combination crop 
acres 
Humboldt 
farm 
Kossuth 
farm 
crop 
acres 
Humboldt 
farm 
Kossuth 
farm 
4-40" 480 $1.12 $1.16 320 $1.28 $1.32 
6-40" 480 1.11 1.15 480 1.25 1.30 
8-40" 640 1.09 1.13 480 1.25 1.29 
4-40",4-40" 800 1.10 1.14 640 1.28 1.32 
4-40",6-40" 960 1.10 1.14 640 1.27 1.32 
4-30" 320 #1.10 $1.13 320 $1.31 $1.36 
6-30" 480 1.07 1.10 480 1.27 1.31 
8-30" 640 1.05 1.08 480 1.23 1.27 
4-30",4-30" 640 1.09 1.12 480 1.31 1.36 
4-30",6-30" 960 1.06 1.10 640 1.28 1.32 
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Residual returns to labor 
In this section, the residual returns to labor are 
calculated for each machinery combination at the minimum 
cost acreage for two cropping systems and two price levels 
on the Humboldt and Kossuth farms. All costs excluding 
labor are subtracted from the total revenue and then the 
residual return to labor is divided by the number of hours 
of labor input to determine the per hour residual return 
to labor. 
Residual returns per hour at the minimum cost acreage 
for all selected machinery combinations, based on two crop­
ping systems and 1971-73 and 1973 prices on the Humboldt 
and Kossuth farms are presented in Tables 37 and 38. The 
cropping system considered has a significant effect on the 
residual returns to labor. For example, based on the cur­
rent cropping system, the residual returns to labor per 
hour are $8.2 and $7.0, respectively, on the Humboldt and 
Kossuth farms for combinations when the 1971-73 
price level is used. Based on the continuous corn cropping 
system, the residual returns to labor per hour are reduced 
to $^ .3 and #3.2, respectively, for the Humboldt and Kossuth 
farms for the same combinations and price levels. This is 
simply because the current cropping system has a lower aver­
age cost and a higher total revenue than the continuous 
Table 37. Residual returns to labor per hour at the minimum cost acreage for 
selected machinery combinations based on the current cropping system 
and 1971-73 and 1973 prices on the Humboldt and Kossuth farms 
Machinery 
combination 
Crop 
acres 
Total labor 
hours/yr 
Humboldt farm Kossuth farm 
1971-73 
prices 
1973 
prices 
1971-73 
prices 
1973 
prices 
4-40" Wo 2243 $ 8.2 $21.4 $ 7.0 #19.8 
6-40" 480 1725 10.4 28.2 8.7 25.9 
8-40" 640 1955 12.4 32.9 10.5 30.3 
4-40",4-40" 800 3738 8.7 22.4 7.5 20.7 
4-40",6-40" 960 3966 9.5 24.7 8.1 22.8 
4-30" 320 1643 $ 8.6 $22.3 $ 7.5 #20.3 
6-3O" 480 1(578 11.6 29.2 10.1 26.5 
8-30" 640 2191 13.5 33.0 11.5 30.0 
4-30",4-30" 640 3286 8 . 9  22.5 7.7 20.4 
4-30",6-30" 960 4343 10.2 25.1 8.8 22.8 
Table 38. Residual, returns to labor per hour at the minimum cost acreage for 
selected machinery combinations based on the continuous corn cropping 
system and 1971-73 sjid 1973 prices on the Humboldt and Kossuth farms 
Machinery 
combination 
Crop 
acres 
Total labor 
hours/yr 
Humboldt 
1971-73 
prices 
farm 
1973 
prices 
Kossuth 
1971-73 
prices 
farm 
1973 
prices 
320 1%14 $ 4.3 $14.1 $ 3.2 $12.2 
6-40" 480 1656 5.8 18.5 4.3 16.5 
8-40" 480 1296 6 . 9  24.5 5.3 21.2 
640 3028 4.4 14.2 3.2 12.5 
4-40",6-40" 640 2618 4.8 16.4 3.5 14.2 
4-30" 320 1731 1 3.3 $11.8 $  2 . 3  $10.3 
6-3O" 480 1886 5.0 16.6 3.6 14.5 
8-30" 480 1994 7.0 21.3 5.4 19.0 
4-30",4-30" 480 2597 3.4 12.3 2.4 10.8 
3^0",6-30" 640 2989 4.5 14.7 3.3 12.9 
iMf 
corn under the situations considered (Tables 2, 6, 14 and 
71). 
Tables 37 and 38 indicate that variations in product 
prices have even more effect on residual returns to labor 
than do variations in machinery combinations or cropping 
systems. For example, shifting from 1971-73 to 1973 
product prices, the residual returns to labor increase 
from $8.6 to #22.3 smd from |7.5 to $20.3, respectively, 
on the Humboldt and Kossuth farms for the ^ -30" combina­
tions and the current cropping systems. 
The total labor hours required per year for each ma­
chinery combination at the minimum cost acreage also are 
presented in Tables 3? and 38. For example, 22^ 3 labor 
hours are required for the )+-40" combination with 480 
acres. When farm size is expanded further, the larger 
machinery combination can be us©d to substitute for portion 
of the labor input per acre required at the smaller acreage 
•vîith a smaller machinery combination. For example, when 
crop acreage is expanded from I+80 acres with the ^ ->+0" 
combination to 960 acres with the 4-^ -0" ,)+-4^ 0" combination, 
the labor hours required Increase from 22*43 hours to 3966 
hours per year. This means that labor usage only increased 
by 77 percent although crop acreage doubled. For this com­
parison, the residual return to labor per hour increases 
from $8.2 to $9*5 due to the changes in resource -
1^ 5 
combinations when based on the current cropping system and 
1971-73 prices on the Humboldt farm. All the residual re­
turns to labor estimated here are higher than the wage rate 
of $2.0 per hour used in this study. 
Residual returns to land 
Residual returns to land are computed in this section 
using the same procedure as was used for labor. All costs 
of factor inputs excluding land are subtracted from the 
total value product and then the remaining net revenue is 
imputed to land. The residual land prices per acre at the 
minimum cost acreage for all selected machinery combina­
tions based on two cropping systems and 1971-73 prices on 
both the Humboldt and Kossuth farms are presented in Table 
39• Both 7 percent and 8 percent capitalization rates are 
used in imputing the value of land. Table 39 indicates 
that the Imputed land prices are affected by cropping sys­
tems, machinery combinations and the type of farm, as well 
as the capitalization rate used. 
All the residual land prices estimated in Table 39 
are higher than the 1972 market prices of $625 and $600, 
respectively, for the Humboldt and Kossuth farms. For ex­
ample , the residual land prices per acre are $1,304 and 
$1,107, respectively, for the 4-40" combination on the 
Humboldt and Kossuth farms based on the current cropping 
Table 39. Residual land prices per acre at the minimum cost acreage for all 
selected machinerjr combinations based on two cropping systems and 
1971-73 prices on the Humboldt and Kossuth farms 
Current cropping svsstem Continuous corn 
Machinery Humboldt Kossuth Humboldt Kossuth 
combination 7% 8)g 1% 8^  7% 8^  1% 8^  
4-40" $1304 $ll4l $1167 $1021 $ 984 $ 861 $ 857 $ 750 
6-40" 1297 1135 1159 1014 1080 945 950 831 
S
 1 
00 
1310 1146 1174 1028 1070 936 943 825 
4-40" ,4-40" 1311 1148 1172 1026 1039 909 910 796 
4-40",6-40" 1334 1168 1199 1049 1033 904 906 793 
4-30" $1381 $1209 $1240 $1085 $ 994- $ 870 $ 864 $ 756 
6-30" 1430 1251 1289 1128 1060 928 929 813 
8-30" 1414- 1238 1279 1119 1133 991 1000 875 
4-30",4-30" 1350 1181 1204 1054 993 869 863 755 
4-30",6-30" 1420 124-3 1279 1119 1026 898 894 783 
1^ 7 
system and 1971-73 prices and a 7 percent of capitaliza­
tion rate. The residual land prices per acre are $870 
and $756, respectively, for the ^ +-30" combination on the 
Humboldt and Kossuth farms based on the continuous corn 
cropping system, 1971-73 prices and an 8 percent of 
capitalization rate. 
Budgeting Results and the Study Area 
A major objective of this budgeting analysis is to 
estimate the cost economies of farm size under various 
situations in North Central Iowa. It is assumed that the 
major cost economies available in crop production are 
realized when the unit cost is less than ? percent of 
minimum cost. The budgeting results summarized in Tables 
34- and 35 indicate that at least 300-3^ +0 crop-acres and 
250=320 erop-ac-res, rGspsctively, for the Eimboldt and 
Kossuth farms are required to attain the major cost econ­
omies available based on the current cropping system and 
1971-73 prices when land rents are considered. Based on 
the continuous corn cropping system and 1971=73 prices, at 
least 260-270 acres and 270 acres, respectively- for the 
Humboldt and Kossuth farms are necessary to achieve the 
main cost economies. 
It is interesting to compare the cropland acreage of 
the farms in the study area with our budgeting results and 
see what percentage of the farms have the crop acreage 
necessary to attain the major cost economies available. 
Farm size in the study area has already increased rapidly 
during the past few decades as average farm size increased 
from 2kl to 273 acres from 196^  to 1969. The cropland 
acreage increased from 229 to 2^ 3 acres during the same 
period and about 82 and 80 percent of the cropland, re­
spectively, was harvested in 196^  and 1969» Table 40 
presents the distribution of farms reporting cropland 
harvested by acreage for the study area. Since ws as­
sumed all cropland is harvested, it is proper to compare 
our budgeting results with the acres of cropland har­
vested in this area. 
U-o. Distribution of farms reporting cropland har-
vested by acreage for the study area, 196^  and 
1969a 
harvested 
Acres of  ^of farms reporting 
cropland cropland harvested 
196^  1969 
less than 219 9^-3 2^,2 
220-259 l4^ k 12=6 
260-^ 9 31A 36.2 
500 or more acres W-.9 9-0 
'^Source: (36). 
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Budgeting results suggest that at least 290 crop-acres 
are required to attain the major cost economies based on 
the current cropping system and 1971-73 prices. When based 
on the continuous corn cropping system and 1971-73 prices, 
a minimum of 260 crop-acres are necessary to achieve the 
constant cost. Table 40 indicates that 5^ .8 percent of 
farms in 1969 have crop acreage less than 260 acres and 
thus are unable to achieve the cost economies available 
based on both cropping system and 1971-73 prices. 
Budgeting results also indicate that among the com= 
binations selected, the 4-30" and 4-40" combinations are 
the smallest machinery combinations necessary to attain the 
major cost economies. Table 4l presents the total purchase 
costs and the estimated market values of the selected ma­
chinery combinations used in this study. Table 4l indi­
cates that the required mizilmim machinery combination, 
4-40" or 4-30", has an estimated market value of $27,704 
and $27,495, respectively. 
Table 42 presents the relationship between farm size 
and capital value of machinery and equipment in North 
Central Iowa. It indicates that the capital value of 
machinery and equipment is less than $27,4^ 6 when a farm 
has fewer than 254 harvested acres. Previously, Table 40 
indicated that between 42.2 and 54.8 percent of farms in 
the study area have fewer than 254 harvested acres and thus 
Table ^ +1. Total purchase costs and the estimated market values of the selected 
msichlneiry combinations used in this study 
40"-•row combination 30" -row combination 
Machinery 
combination 
Total 
purchase 
cost 
Estimated 
iiarket 
value& 
Machinery 
combination 
Total 
purchase 
cost 
Estimated 
market 
value^  
if-if-O" $ 50,369 #27,704 4-30" $ 49,990 $27,495 
6-40" 67,346 37,043 6-3O" 66,039 36,322 
8-40" 78,883 43,384 8-3O" 79,237 43,582 
4-40",4-40" 9^ ,033 $1,716 4-30",4-30" 93,275 51,298 
4-40",6-40" 110,857 60,940 4-30",6-3O" 109,171 60,060 
E^stimated market value is equal to 55% of the total purchase cost. 
151 
Table 42. Relationship between farm size and capital value 
of machinery in North Central Iowa 1973^  
Farm size 
(acres) 
190-259 
260-359 
360-499 
500 and over 
Cropland 
acresb 
167-228 
229-316 
317-439 
400 and over 
Harvested 
land acresC 
134-182 
183-253 
254-351 
352 and over 
Capital values 
of machinery 
and equipment 
$16,467 
19,092 
27,456 
38,547 
•^Source: (29). 
C^ropland acres are equal to 88^  of farm size in this 
area. 
H^arvested land acres are equal to 80^  of cropland 
acres in this area. 
have a capital value of machinery and equipment less than 
$27,456. However, as mentioned earlier, a capital value 
between $27,495-127,704 is necessary for 4-row machinery 
combination which is required to attain the major cost 
economies» Hence, comparing the budgeting results with 
the study area, it can be said that between 42.2 and 54.8 
percent of farms probably lack the machinery and equipment 
which are sufficient to attain major cost economies. 
iU.1 the budgeting results for both farms under the 
various situations suggest that major cost economies can 
be achieved when resources combinations attain constant 
unit cost. However, the census in the study area indicates 
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that about $4.8 percent of farms have crop acreages less 
than 260 acres in 1969 and thus cannot achieve the con­
stant cost. Furthermore, the 1973 farm business summary 
for North Central Iowa suggests that between ^ 2.2 and 
percent of farms in this area lack sufficient machinery 
and equipment to attain the major cost economies available. 
Since a considerable reduction in unit cost can be achieved 
when resource combinations attain constant unit cost, this 
would lead to a further expansion of farm size. With a 
rather stable total land in farms and total acres of crop­
land in the study area, the expansion in farm size per 
farm would lead to a further reduction in the number of 
farms in the area. Accompany the enlarged farm size, the 
per farm capital investment in machinery and equipments 
would also increase in the future in this area. 
1% 
SUMMARY 
This study was designed (1) to determine per-unit 
cost relationships for various machinery combinations and 
farm situations in North Central Iowa and (2) to compare 
the empirical results of this study with actual resource 
allocations in the study area. Throughout the last four 
decades, American agriculture has been in a rapid state of 
change represented by larger and fewer farms, a smaller 
work force, greater capital inputs and growing commercial­
ization. This study is concerned with the present nature 
and extent of "economies of scale" and their effect upon 
the ongoing trend toward fewer and larger farms. 
Data from agronomists, engineers^  economists and 
others are used to estimate input-output relationships 
and prices for the Clarion-Nicollet-Webster soil associa­
tion in North Central Iowa. Cost functions are estimated 
through a budgeting process for farms of different crop 
acreages with various selected machinery combinations. 
The selected machinery combinations include five sets of 
more recent 30"-row combinations as well as five sets of 
traditional 40"-row combinations. Both short-run and long= 
run cost curves are derived as a function of crop-acres 
per farm to illustrate the nature and extent of cost econ­
omies of farm size. The range of crop acreage considered 
19+ 
varies from 160 to 1280 crop-acres. Two cropping systems, 
the current cropping system and the continuous corn crop­
ping system, are considered in this study. Two price 
levels, 1971-73 prices and 1973 prices, are used to com­
pare the price effect upon per-unit costs. Cost functions 
and cost curves are derived for two types of farms, called 
the Humboldt farm and Kossuth farm. The Humboldt farm has 
an above-average corn suitability rating, while the Kossuth 
farm has an average corn suitability rating. Thus the two 
situations have different crop yield potentials. 
Revenue and yield reductions from untimely field oper­
ations are estimated for different crop acreages and are 
related to particular machinery combinations based on the 
specific farm situation. Untimeliness loss is the only 
factor considered in this study which can result in rising 
average costs and thus limit the expansion of farm size, 
A high level of management, efficient fertilizer use, aver­
age weather, a fixed set of field operations for each crop 
and effective utilization of each machinery combination 
were assumed in budgeting each cost function. 
The budgeting results indicate that a slight reduction 
in average total cost per dollar of crop product can be 
obtained by utilizing larger machinery combinations on 
larger crop acreages for the 1-man, 1-tractor machinery 
combinations. If crop acreage expands further and 2-man, 
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2-tractor machinery combinations are utilized, average costs 
per dollar of crop product will rise slightly. For example, 
based on the Humboldt farm and 1971-73 prices, if farm size 
e2î)ands from ^ -80 crop-acres operated with the 4-1+0" ma­
chinery combination to 800 crop-acres operated with the 
8-^ 0" machinery combination, the average total cost per 
dollar of crop product reduces from $0.40 to $0.38. But 
as farm size expands to 960 crop-acres operated with the 
4-^ 0" ,6-4-0" machinery combination, the average cost re­
turns to $0.T-0. Similarly, an expansion of farm size from 
320 crop-acres operated with the 4-30" machinery combina­
tion to 800 crop-acres operated with the 8-30" machinery 
combination reduces the average total cost from $0.42 to 
$0.37. But again as farm size expands to 960 crop-acres 
operated with the 4-30",6-30" machinery combination, aver­
age total cost rises to $0.39. 
The short-run cost curves suggest that large machinery 
combinations such as the 8-4-0" combination and the 
4-40",6-40" combination result in very high total average 
costs on small crop acreages (320 crop-acres or- less). 
But fixed machinery costs can be significantly reduced by 
utilizing smaller machinery combinations on these small 
farms. Hence, for small crop-acres, the 4-4-0" or 4-30" 
machinery combinations have the lowest average total cost. 
However, crop losses due to untimeliness would occur for 
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the 4-W" or 4-30" combinations when crop acreage expands 
past 64-0 or 800 crop-acres. Because of untimeliness losses, 
rapidly increasing average variable costs per dollar of 
crop product result in a much higher average cost for 
smaller machinery combinations vdien crop acreage is ex­
panded beyond 640 crop-acres. 
For practical purposes, it was assumed that resource 
combinations achieving a unit cost within 5 percent of min­
imum cost have attained most of the available cost econ­
omies of farm size. For 40"-row combinations, 4, 65 8 or 
a k- and 6 row combination and 460-1180 crop-acres can at­
tain the major cost economies available with the current 
cropping system and 1971-73 prices on the Humboldt farm. 
Similarly, for 30"-row machinery combinations, 6, 8 or a 
4 and 6 row combination and 440-1020 crop-acres attain most 
of the cost economies available based on the same situation 
on the Humboldt farm. For the Kossuth farm, the same set 
of machinery combinations are required to attain the major 
cost economies available. However, the farm sizes required 
on the Kossuth farm are slightly smaller, 440-ll40 crop-
acres for 40"-ro¥ combinations and 420-1000 crop-acres for 
30"-row combinations. 
Cost functions are considerably different when cal­
culated with and without land rents. For example, minimum 
average cost increased from $0.40 to $0.81 after land rent 
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is included for the 4-40" machinery combination based on 
the current cropping system and 1971-73 prices on the 
Humboldt farm. Similarly, minimum average cost increased 
from $0.43 to $0.84^  on the Kossuth farm based on same 
situation. The minimum crop acreage required to attain 
the major cost economies is reduced from 440-460 crop-
acres to 300-340 crop-acres on the Humboldt farm and from 
420-440 crop-acres to 290-320 crop-acres on the Kossuth 
farm when land rent is considered with the current crop­
ping system and 1971-73 prices. 
The estimated "break-even" corn prices are $1.05 and 
$1.08 per bushel, respectively, for the Humboldt and 
Kossuth farms based on 30"-row machinery combinations and 
the current cropping system with inputs at 1971-73 price 
levels. Under the continuous corn cropping system, 
"brsak=èverr' prices are $1,23 and #1.27. respectively^  
for the Humboldt and Kossuth farms with the same machinery 
combinations. The budgeting results indicate that the 
estimated "break-even" corn prices with 40"-row machinery 
combinations are slightly higher than those based on 30"= 
row machinery combinations under the same situation. 
Based on the current cropping system and 1971-73 
prices, the budgeting analysis suggests that 290-340 crop-
acres are required to attain the major cost economies 
available when land rent is considered. Based on the 
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continuous corn cropping system, 260-270 crop-acres are 
required to attain the cost economies under the same sit­
uations. Compared with the "budgeting results, 5^ .8 per­
cent of farms in the study area have crop acreage less 
than 260 crop-acres and thus are unable to achieve the 
major cost economies available. From the standpoint of 
machinery and equipment used by the farmers in the study 
area, between ^ 2.2 and 5^ ,8 percent of farms probably 
lack machinery and equipment required to attain major cost 
economies. Hence, the budgeting results indicate that 
further adjustments toward larger and fewer farms, a 
smaller work force and greater capital inputs are neces­
sary in order to attain the cost economies of scale. 
Limitations of the Study and Suggestions 
for Further Study 
The main purpose of this study was to estimate the 
cost relationships between farm size and recent machinery 
technology. To achieve the purpose of this study, it is 
necessary to quantify and consider the most relevant vari= 
ables which affect cost relationships. However, it is im­
possible to consider every factor affecting crop produc­
tion. Hence, certain simplifying assumptions are made in 
the budgeting processes. Each simplifying assumptions 
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imposes a restriction upon the applicability of the budget­
ing results. The limitations of the study are discussed 
below. 
This analysis assumed that there are no management 
limitations as farm size is expanded larger and larger, 
because management cannot be readily measured. However, 
this is an unrealistic assumption. In the real world, 
coordination and supervision become more and more difficult 
when farm size is expanded» Thus, management can become 
limiting factor and result in diminishing productivity 
for other resources. 
This analysis also assumes a fixed sequence of field 
operations. Since changes in the sequence of field opera­
tions may reduce untimeliness losses, a manager may change 
his sequence when it is necessary. The budgeting analysis 
should, be extended to consider the effect upon production 
costs of changes in the sequence of field operation. We 
also assumed "average weather" in this study. The effect 
of weather variability between years upon crop production 
costs should also be considered. 
Finally, the budgeting r-ôBults are highly dependent 
upon the data we collected and used in the budgeting 
processes. And changes in data can affect the budgeting 
results. However, some of the data are used in this study 
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not because they were considered appropriate, but because 
they were the best or only ones available. 
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Table ^ 3* Soil survey summary for the Humboldt farm in the 
southeast quarter section of section 25 in 
township 92 north and range 27 west of Humboldt 
county^  
Soil 
series 
name 
Soil 
type 
number 
Per­
cent 
slope 
Erosion 
class 
Acres 
Present 
land 
use" 
Land 
capabilit] 
class 
Okoboji 6 0 0 1.5 L 3 
Okoboji 6w 0 0 0.8 L 3 
Nicollet 55 2 0 hi.2 L 1 
Nicollet 55 2 0 3.5 H 1 
Okoboji 90 0 0 5.3 L 3 
Okoboji 90 0 0 2,7 P 3 
Harps 95 1 0 16.6 L 2 
Harps 95 1 0 3A P 2 
Clarion 138 3 1 13.6 L 2 
Clarion 138 3 1 1.8 P 2 
Clarion 138 3 1 1.7 H 2 
Webster 107 1 0 63.1 L 2 
Webster 107 1 0 0.8 H 2 
Roads 602 i+.O 
S^ource : (37). 
represents pasture| L represents cropland; and H 
represent s'homest ead. 
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Table Soil survey summary for the Kossuth farm in the 
southeast quarter section of section 29 in 
township 97 north and range 29 west of Kossuth 
countyB 
Soil Soil Per- Present Land 
series type cent Erosion Acres land capability 
name number slope class use" class 
OkDboji 6 0 0 0.5 L 3 
Colo-Judson 11 2 0 8.9 L 2 
Colo-Judson 11 2 0 10.4 P 2 
Nicollet 55 2 0 1I+.2 L 2 
Storden 62 11 2 7.8 L 3 
Okoboji 90 0 0 1.3 L 3 
Harps 95 1 0 9.7 L 2 
Webster 107 1 0 8.4 L 2 
Webster 107a 1 0 1.3 H 2 
Webster 107a 1 0 30.4 L 2 
Webster 107 2 0 2.6 L 2 
Clarion 138 3 1 0.3 P 2 
Clarion 138 3 1 23.1 L 2 
Clarion 138 3 1 2.3 H 2 
Clarion 138 7 1 3.1 H 3 
Clarion 138 7 2 22.4 L 3 
Saude 177 7 2 9.1 L 3 
Saude 177 7 2 0.2 P 3 
Roads 602 4.0 
S^ourceÎ (37). 
P^ represents pasture; L represents cropland; and H 
represents homestead. 
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Table 4$. Description of the reorganized quarter section 
in Humboldt county 
New units and 
proposed 
land use 
Soil components 
of 
new units 
Acres 
Percent 
of 
total 
Cropland 
55-2-0 
95-1-0 
138-3-1 
107-1-0 
16.6 
17.1 
63.9 
88.0 
Pasture 
6-0-0 
90-0-0 
95-1-0 
13.7 
3> 
8 . 5  
Waste 3.5 
Table 46. Description of the reorganized quarter section 
in Kossuth county 
Hew units and 
proposed 
land use 
Soil components 
of 
new units 
Acres 
Percent 
of 
total 
Cropland 
6—0—0 
11=2=0 
55-2-0 
62-11-2 
90-0-0 
95-1-0 
107-1-0 
107a-l_0 
107-2-0 
138-3-1 
138=7=2 
143.6 
0 . 5  
19.3 
14.2 
7.8 
1.3 
8:4 
31.7 
2,6 
25.7 
22,-4 
88.8 
Pasture 
138-3-1 
138-7-1 
177-7-2 
12.7 
0.3 
3.1 
9.3 
7.7 
Waste 3.5 
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Table ^ 7. Percentages of corn, soybeans, oats, hay, and 
all pasture acreages to total land in farms in 
Humboldt county, North Central Iowa and Iowa 
for 1961 and 1970^  
1961 1970 
Humboldt N.C. Iowa Iowa Humboldt 
N.C. 
Iowa Iowa 
Corn 
% 
37.^  
$ 
35. 5 
% 
29.6 
% 
37.0 
% 
35.6 
% 
31.^  
Soybeans 21.1 21. 7 9.7 31.9 31.9 16.7 
Oats 8.8 8. 6 9.3 2.6 2.9 4.9 
Hay 7.kf 6. 9 9.6 2.8 2.8 7.3 
All pastures 8.0 9, 0 23^  7.9 7.7 21.5 
Others 17.3 18. 3 iQ.h 17,8 19.1 18.2 
Total 100.0 100. 0 100.0 100.0 100.0 100.0 
'^Sources: (17, 18). 
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Table 1+8. Purchase price of the machines included in the 
4-row combination®' 
Machines Average retail price 
Tractor, 4 plow, diesel $10,356 
Plow, 4-16" 1,380 
Stalk chopper, 12-ft rotary 1,705 
Tandem disk, 12' 1,265 
Harrow, 20' 3'*5 
Endgate seeder 172 
Planter, 4-40« (4-30") H
 
o
 
1,980) 
Rotary hoe, 4-row 770 
Cultivator, 4-40" (4-30") 1,295 ( 1,150) 
Combine, 8.P. 17,103 
Platform, l4' 1,385 
Corn head, 4-40" (4-30") 5,949 ( 5,715) 
Mower, 7' 825 
Side delivery rake 810 
Baler 3,025 
wagon, 20u=uu 880 
Elevator, 48' 1,124 
Total purchase cost 50,369 (49,990) 
"Sources? (Sv), and local farm machinery dealers in 
Central Iowa. 
A) 
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Table 4^ 9« Purchase price for the machines included in the 
6-row combination^  
Machines Average retail price 
Tractor, 6 plow, diesel $1^ ,25^  
Plow, 6-16" 1,968 
Stalk chopper, l8-ft rotary 2,705" 
Tandem disk, 18' 2,485 
Harrow 30' 4-03 
Endgate seeder 172 
Planter, 6-40" (6-30") 3,082 ( 2,970) 
Rotary hoe, 6-row 1.100 
Cultivator, 6-40" (6-30") 2,017 ( 1,426) 
Combine, 8,P. 22,191 
Platform, 16' 1,54-1 
Corn head, 6-40" (6-30") 8,324 ( 7,720) 
Mower, 7' 82? 
Side delivery rake 810 
Baler 3,025 
Wagon, 300-bu 1,320 
Elevator 1,124 
Total purchase cost 67,346 (66,039) 
'^Sources: (27). and local farm machinery dealers in 
Central Iowa. 
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Table ^ 0, Purchase price of the machines included in the 
8-row combination^  
Machines Average retail price 
Tractor, 8 plow, diesel $18,532 
Plow, 7-16" 2,^ 15 
Stalk chopper, l8-ft rotary 2,705 
Tandem disk, 2h' 3,250 
Harrow 30' 0^3 
Endgate seeder 172 
Planter, 8-kO" (8-30") 3,838 ( 3,61+0) 
Rotary hoe, 8-row 1,320 
Cultivator, 8-4-0" (8-30") 3,148 ( 1,988) 
Combine, S.P. 25,992 
Platform, 18' 1,680 
Corn head, 6-1+0" (8-30") 8,324 (10,036) 
Mower, 7' 825 
Side delivery rake 810 
Baler 3,025 
Wagon, 300-bu 1,320 
Elevator 1,12''+ 
Total purchase cost 78,883 (79,237) 
S^ources: (27), and local farm machinery dealers in 
Central lowa. 
17^  
Table 51» Purchase price of the machines included in the 
-^row,^ -row combinations-
Machines Average retail price 
Tractor, 4- plow, diesel $10,356 
Tractor, 4 plow, diesel 10,356 
Stalk chopper, 12-ft rotary 1,705 
Stalk chopper, 12-ft rotary 1,705 
Plow, ^ -16" 1,380 
Plow, 4-16" 1,380 
Tandem disk 12' 1,265 
Tandem disk 12' 1,265 
Harrow 30' 0^3 
Sndgats seeder 150 
Planter, k-kO" (4-30") 1,980 ( 1,980) 
Planter, 4-J+O" (4-30") 1,980 ( 1,980) 
Rotary hoe, 4-row 770 
Rotary hoe, 4-row 770 
Cultivator, 4-4o" (4-30") 1,295 ( 1,150) 
Cultivator, 4-40" (4-30") 1,295 ( 1,150) 
Combine, 8.P. 17,103 
Combine, 8.P. 17,103 
Platform, l4' 1,385 
Platform. 14' 1,385 
Corn head, 4-40" (4-30") 5,949 ( 5,715) 
Corn head, 4-40" (4-30") 5,949 ( 5,715) 
Mower j 7' 825 
Side delivery rake 810 
Baler 3,025 
Wagon, 300-bu 1,320 
Elevator 1,124 
Total purchase cost 94-033 (93,275) 
S^ources: (27), and local farm machinery dealers in 
Central Iowa. 
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Table 52. Purchase price of machines included in the 
4—row,6-row combination®-
Machines Average retail price 
Tractor, k plow, diesel 
Tractor, 6 plow, diesel 
Plow, if-16" 
Plow, 6-16" Î;® 
Stalk chopper, 12-ft rotary 
Stalk chopper, l8-ft rotary 
Tandem disk, 12' 
Tandem disk, 18' 
1,705 
2,705 
1,265 
2,485 
Harrow 20' 
Harrow 30' 
Bndgàte seeder 
3^ 5 
403 
150 
Planter, 4-4-0" (4-30") 
Planter, 6-4-0" (6-30") 
Rotary hoe, 4-row 
Rotary hoe, 6-row 
1,980 
3,082 
770 
1,100 
1 
1,980) 
2,970) 
Cultivator, 4-4-0" (4-30") 
Cultivator, 6-4-0" (6-30") 
Combine, S.P. 
Combine, S.P. 
1,295 
2,017 
17,103 
22,191 
( ( 1,150) 1,4-26) 
Platform, 14-' 
Platform, 16' 
Corn head, 4—4-0" (4—30") 
Corn head, 6-4-0" (6-30") 
IM ( ( 2,71?) 7,720) 
Mower, 7» 
Side delivery rake 
Baler 
Wagon, 300-bu 
Elevator 
825 
810 
3,025 
;;g 
Total purchase cost 110,857 (109,lYl) 
S^ources? (27); and local farm machinery dealers in 
Central Iowa. 
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Table 53* Life of farm machines, repair cost in percentage 
of purchase priced 
Years Repair cost, 
Machine until average per hour in 
obsolete % of purchase price 
Cultivator 12 .060 
Disk harrow- 15 .065 
Plow, moldboard 15 .070 
Spike-tooth harrow 20 .0^ 0 
Spring-tooth harrow 20 .060 
Row-crop planter 15 .070 
Combine, S.P. 10 .027 
Corn head 10 .032 
Hay baler 10 .031 
Mower 12 .120 
Rake, side-delivery 12 .070 
Tractor, wheel 15 .012 
Wagon 15 .018 
Table 5'+. Annuîil total fixed machinery costs of five selected machinery combina­
tions used in current cropping; systems^  
c^ bimtiL Depreciation Interest I^ 'insw^ L o^tal 
i+-row 3,998 (3,966) 1,9^ 0 (1,921) 1,13^  (1,012) 7,072 ( 6,899) 
6-row î),29? (5,190) 2,595 (2,5 1^) 1,50-4 (1,485) 9,404- ( 9,216) 
8-row 6,129(5,747) 3,038 (3,049) 1,775 (1,782) 10,942 (10,578) 
4-row, 4-row 7,443 (7,379) 3,619 (3,592) 2,115 (2,099) 13,177 (13,070) 
4-row, 6-row 8,726 (8,590) 4,269 (4,204) 2,497 (2,453) 15,492 (15,247) 
F^igures shown in the parentheses are for 30"-row combinations. Other figures 
are for 40"-row combinations. 
Table 55. 
Operation 
Four-row combination ; 
ment s and fuel cost of 
estimated.average machinery and labor require-
selected field operations for soybeans 
Times Speed Field , 
ove:r^  m.p.h." efficiencjr 
Chop stalks 1 M-.O 
Disk 2 4.0 
Plow 1 4-.0 
Harrow 1 4.0 
Plant 1 4.5 
Hoe 2 8.0 
Cultivate 1 3»5 
Fertilize 1 4.0 
Combine 1 3*0 
Haul 
Misc. Labor 
U 
75 
70 
80 
80 
70 
70 
Effective 
capacity 
Hrs. per 
acre 
Fuel 
gal. 
per 
acre( 
.42 
•M 
.27 
.76 
.76 
.84 
.42 
«54 
.95 
.21 
( .99)' 
(1.14) 
( .57) 
(.184) 
(.212) 
(.106) 
e 
.22 
.46 
.20 ( .26)® 
.20 
.22 (.30) 
.22 
.28 
.25 
.50 
3.18 (3.40)^  9.78 (10.46) $1.820 (1.950) 
.95f(1.02)f .270S( .290)g 
4.11 (4.42) 2.090 (2.240) 
cost per 
acre 
(dollar)^  
.078 
.325 
.3^ 6 
.050 
.141 
.141 
.156 
.078 
.286 
.177 
.039 
B^ased on (20). 
B^ased on (15). 
°Based on (28). 
P^rice of diesel fuel is assumed $0.186 per gallon. 
F^igures shown in the parentheses are for 30"-row combinations. 
A^ssume the indirect labor is 305^  of the direct labor. 
®The cost for oil., grease and oil filters is assumed 15^  of the fuel cost. 
Table î)6. Six-row combination: estimated average machinery and labor require­
ments and fuel cost of selected field operations for soybeans 
Operation 
Effective 
Times Speed , Field capacity 
ovepa- m.p.h. efficiency^  Hrs. per 
acre 
Fuel 
gal. 
per 
acre 
cost per 
acre , 
(dollar)^  
Chop stalks 1 4.0 80 
Disk 2 4.0 75 
Plow 1 4.0 80 
Harrow 1 4.0 75 
Plant 1 4.5 70 
Hoe 2 8.0 80 
Cultivate 1 3.5 80 
Fertilize 1 4.0 70 
Combine 1 3.0 70 
Haul «u — w 
Mise. labor 
.V+ 
.30 
.32 
.09 
.13 
I 
.72^ 
(.17) 
(.20) (.20) 
e 
.39 .073 
1.65 .307 
1.76 .327 
.3^  .063 
.72 ( .94)® .134 (.175)® 
.72 .134 (.175) 
.83 (1.10) .154 (.205) 
.42 ( .55) .078 (.102) 
1.38 .256 
.95 .177 
(2.55)- 9:37 (9.99) $1.*740 (1.860) 
( .77)f .260S( 2.80)g 
(3.12) 2.000 (2.1W 
B^ased on (20). 
a^sed on (15). 
B^ased on (28). 
^^ Price of diesel fuel is assumed $0.186 per gallon. 
F^igures shown in the parentheses are for 30"-row combinations. 
"P Assume the indirect labor is 30^  of the direct labor. 
T^he cost for oil, grease and oil filters is assumed 1^  of the fuel cost. 
Table 57. Eight-row combination: estimated average machinery and labor require­
ments and fuel cost of selected field operations for soybeans 
Operation Times over®-
Speed 
m.p»h.° 
Field 
efficiency" 
Chop stalks 1 h.O 80 
Disk 2 4.0 75 
Plow 1 4.0 80 
Harrow 1 4.0 75 
Plant 1 4.5 70 
Hoe 2 8.0 80 
Cultivate 1 3.5 80 
Fertilizer 1 4.0 70 
Combine 1 3.0 70 
Haul — 
Misc. labor 
Effective 
capacity 
Hrs. per 
acre 
Fuel 
gal. 
per 
acre^  
cost per 
acre , 
(dollar)^  
.1^ -
.22 
.28 
.09 
.10 (.13)® 
.10 
.11 
.11 
.22 
.25 
1.^ 3 
1.82 
• 3^  
.65 (.8^)® 
.65 
o74 (.98) 
.37 (.1 " 
1.43 
.95 
. 21 
A9) 
2.12.(2.23)_ F.98 (9.53) 
.67)f 
(2.90) 2776 
.073 
.266 
.339 
.063 p 
.121 (.156)® 
.121 
.138 (.182) 
.069 (.091) 
.266 
.177 
.019 , 
1.670 (1.770) 
.250g( .270)g 
1.920 (2.040) 
B^ased on (20). 
B^ased on (15). 
B^ased on (28). 
P^rice of diesel fuel is assumed $0.186 per gallon. 
F^igures shown, in the parentheses are for 30"-row combinations. 
A^ssume the indirect labor is 30^  of the direct labor. 
T^he cost for oil, grease and oil filters is assumed 15^  of the fuel cost. 
Table 58. Four-row combination: estimated average machinery and labor require­
ments and fuel cost of selected field operations for corn 
Fuel 
Operation 
Effective 
capacity 
Hrs. per 
acre 
gal. 
per 
acreC 
cost per 
acre . 
(dollar) 
Chop stalks 
Disk 
Plow 
Harrow 
Plant 
Hoe 
Cultivate 
Fertilize 
Spray-
Combine 
Haul 
Misc. labor 
1 
2 
1 
1 
1 
I 
1. 
1. 
4.0 
4.0 
4.0 
4.0 
8.0  
3.5' 
4.0 
4.0 
3.0 
80 
U 
75 
70 
80 
80 
70 
60 
70 
e 
.22 
.46 
.20 (.26) 
:i !:SJ 
.13 (.17) 
.29 (.39) 
.70 (.70) 
.20 .30L 
3.64- (4.167 
1.09^ 
.42 
UÎ 
.27 
.76 
i:g 
'M 
1.60 
2.66 
.84 
f 12786 
( .99)® 
(1.67) 
( .84) 
( .32) 
(2.15) (2 .66)  
(I.l4) 
(14.64) 
.078 
.325 
.3^ 6 
.050 
.141 
.106 
.233 
.117 
.047 
.298 
.495 
.156 
(.184) e 
2.390 
(.311) 
(.156) (.060) 
(.400) 
(.495) 
(.212) 
(2.720) 
.410)S 
2.750 (^ .l^ Œ 
B^ased on (20). 
B^ased on (15). 
B^ased on (28). 
d 
e 
Price of diesel fuel is assumed $0.186 per gallon. 
Figures shown in the parentheses are for 30"-row combinations. 
A^ssume the indirect labor is 30^  of the direct labor. 
'^The cost for oil, grease and oil filter is assumed 15^  of the fuel cost. 
Table 59* Six-row combination: estimated average machinery and labor require­
ments and fuel cost (bf selected field operations for corn 
Operation Times over^  
Speed Field , 
m.p.h. " eff:'Lciency 
Effective 
capacity 
Hrs. per 
acre 
Fuel 
gal. 
per 
acre*' 
cost per 
acre • 
(dollar)^  
Chop stalks 1 h,0 80 
Disk 2 h,Q 75 
Plow 1 h,0 80 
Harrow 1 -^.0 75 
Plant 1 4.5 70 
Hoe 8.0 80 
Cultivate 1^  3.5 80 
Fertilize 4.0 70 
Spray 1 4.0 60 
Combine 2. 3.0 70 
Haul — — 
Misc. labor 
.14 
.30 
.32 
.09 
.13 (.17) 
.10 
.22 ( 
.22 ( 
.13 ( 
.20 ( 
.60 ( 
.29) 
.29) 
.17) 
.26) 
.60) 
.39 
1.65 
1.76 
.3^  
.72 
.38 
1.21 
.60 
.35 
1.10 
2.28 
.8»+ 
( .94y 
(1.60) ( .82) 
( .1+0) 
(1.^ 3) 
(2.28) 
OJM 
3TÔ3T..II.62 (13.13 ) 
/20l^  
.073 
.307 
.327 
.063 
.13^  
.071 
.225 
.112 
.065 
.205 
.42^ -
.156 
2.160 
i 2.  
(.175)® 
(.298) 
(.153) 
(.07^ -) (.266) 
{.h2h) 
.^ 70)g 
2.810: 
®'Based on (20). 
B^ased on (15). 
"•'Based on (28). 
^^ Priee of die «el fuel is s.ssumed $0.186 per gallon. 
F^igures shown in the parentheses are for 30"-row combinations. 
"^Assume the indirect labor is 30^  of the direct labor. 
'^The cost for oil, grease and oil filter is assumed 15^  of the fuel cost. 
Table 60. Eight-row combination: estimated average machinery and labor require­
ments and fuel cost of selected field operations for corn 
Operation Times Speed Field ovQv^  m.p.h. efficiency^  
Effective 
capacity 
Hrs. per 
acre 
Fuel 
gal. 
per 
acre"-
Chop stalks 1 .^0 
Disk 2 
Plow 1 4-.0 
Harrow 1 4-.0 
Plant 1 
Hoe 8.0 
Cultivate 1'4 3* 5» 
Fertilize .^0 
Spray 1 -^.0 
Combine 1 3.0 
Haul 
Mise. labor 
cost per 
acre . 
(dollar) 
80 g 
75 
70 
80 
80 
70 
60 
70 
.1^ -
.22 
.28 
.09 
.10 
.08 
.17 
.17 
.13 
.20 
.50 
.20 
2708: 
.62^  
e (.13) 
( .22)  (.22) 
(.17) (.20) 
(.50) 
1:^ 1 
1.82 
1.11 
e 
2.70 km 
( .8^ ) 
(1.43) 
.^ 5 ( .72) 
.4-3 ( .56) 
1.10 (1.30) 
1.90 (1.90) 
.81+ a. 14) 
,11.00 (12.31) 
.073 
.266 
.339 
.063 e 
.121 (.156)® 
.082 
.206 (.266) 
.102 (.13^ ) 
.080 (.lOk-) 
.205 (.2^2) 
.353 (.353) 
.156 (.212) 
2.050 (2.290) 
sMkM g 
B^ased on (20). 
B^ased on (15). 
°Based on (28). 
'^ Price of diiesel fuel is assumed $0.186 per gallon. 
F^igures shown, in the parentheses are for 30"-row combinations. 
A^ssume the; indirect labor is 30^  of the direct labor. 
T^he cost for oil,, grease and oil filter is assumed 15^  of the fuel cost. 
Table 61. Four-row combinations estimated average machinery and labor require­
ments and fuel cost of selected field operations for oats 
Effective Fuel 
Operation Times Speed , Field , caracity gal. cost per 
over^  m.p.h." efficiency Hrs. per per acre . 
acre acre (dollar) 
Disk 2 4.0 75 .46 1.75 .325 
Seed 1 70 .25 .95 .177 
Harrow 1 4.0 75 .14 .27 .050 
Fertilize 4.0 70 .11 .21 .039 
Combine 1 3.0 70 .28 1.54 .286 
Rake straw 1 5.5 75 .18 1.04 .193 
Haul 1 .45 1.74 .324 
Bale straw 1 3.0 75 .20 .76 .141 
Haul straw 1 1.00 
3.07 
.92® 
1.99 
•1.40 
9.66 
.260 
l.BOOu 
.280^  
2.080 
B^ased on (20).. 
B^ased on (15). 
°Based on (28). 
"^ Price of diesel fuel is assumed $0.186 per gallon. 
A^ssume the indirect labor is 3^  of the direct labor. 
T^he cost for oil, grease and oil filter is assumed 15^  of the fuel cost. 
Table 62. Six-row combinations estimated average machinery and labor require­
ments and fuel cost of selected field operations for oats 
Operation Times over^  
Speed , 
m.p.h.° 
Field , 
efficiency 
Effective 
caaacitv 
Hrs. per 
acre 
gal. 
per 
acre^  
Fuel 
cost per 
acre  ^
(dollar)* 
Disk 2 75 .30 1.65 .307 
Seed 1 70 .25 .95 .177 
Harrow 1 -^.0 75 .09 .3^  .063 
Fertilize .^0 70 . 08 .21 .039 
Combine 1 3.0 70 .25 1.38 .256 
Rake straw 1 75 • .18 1.04 .193 
Haul 1 .M-5 1.74 .324 
Bale straw 1. 3.0 75 .20 .76 .141 
Haul straw 1. 1.00 .ho .260 
9.4-7 1.770U 
.84® .270r 
2.040 
®'Based on (20) 
' 
c 
on (15)• 
Based on (28) 
d. Price of diesel fuel is assumed $0.186 per gallon. 
e Assume the indirect labor is 30^  of the direct labor. 
f, The cost for oil. grease and oil filter is assumed 1^ % of the fuel cost. 
Table 63. Eight-row combinations estimated average machinery and labor require, 
ments and fuel cost of selected field operations for oats 
Effective Fuel 
Operation Times Speed ^  Field , capacity gal. cost per over^  m.p.h. efficiency Hrs. per per acre  ^
acre acre (dollar)* 
Disk 2. 4.0 7'S .22 1.43 .266 
Seed 1. 4.5' 70 .25 '9# .177 
Harrow- 1 h.O 75 .09 .34 .063 
Fertilize h.O 70 .06 .19 .035 
Combine ]. 3.0 70 .22 1.43 .266 
Rake straw 
Haul 
2. 
1 
75 .18 
A5 
1.04 
1.74 
.193 
.324 
Bale straw 1 3.0 75 .20 .76 .141 
Haul straw ]. •• .. 1.00 1.40 .260 
2.67 
.80® 
.^1+7 
9.28 1.730-
.260? 
1.990 
®Based on (20). 
B^ased on (15). 
'^Based on (28). 
P^rice of diesel fuel is a.ssumed $0.186 per gallon. 
A^ssume the indirect labor is 30^  of the direct labor. 
T^he cost for oil, grease and oil filter is assumed 15^  of the fuel cost. 
Table 64. Estimated average macihinery and labor requirements and fuel cost of 
selected field operations for hay 
Effective Fuel 
Operation Times over®' 
Speed 
m.p.h.D 
Field , 
efficiency 
capacity 
Hrs. per 
acre 
gal. 
per 
acrer 
cost per 
acre  ^
(dollars) 
Paker seeder V» —  —  .16 .61 .113 
Clip stubble —  —  .15 .57 .106 
Mow & 
condition 2)6 5.0 75 .83 3.15 . 586 
Rake 2^  4.5 80 .62 2.36 .439 
Bale 1 — —  .70 2.66 .495 
Haul & 
unload 2^ 6 —  —  —  —  1.00 
5.46 
1.64® 
7.10 
5.70 
15.05 
1.060 
2.800-
.420^  
3.220 
B^ased on (20). 
B^ased on (15). 
°Based on (28). 
P^rice of diesel fuel is assumed $0.186 per gallon. 
A^ssume the indirect labor is 30^  of the direct labor. 
T^he cost for oil, grease and oil filter is assumed 15^  of the fuel cost. 
Table 65• Estimated repair cost of selected field operations for soybeans 
Operation 
Repair cost per acre, 
of loiirchase Drice Repair cost per acre ($) 
•4-row 6-row 8-row 4-row 6-row 8-row 
Chop stalks .0132 .0091 .0091 .23 .25 .25 
Disk .0299 .0195 .0143 .38 .48 .46 
Plow .0343 .022^  .0196 .47 .44 .47 
Harrow .0070 .0045 .004-5 .03 .02 .02 
Plant .01^ 0 .0091 .0070 .28 .28 .26 
(.0182) (.0119) (.0091) (.36) (.35) (.33) 
Hoe .01^ 0 .0091 .0070 .11 .10 .09 
(.0119) 
Cultivate .0132 .0090 .0066 .17 .18 .21 
(.0180) (.0120) (.0090) (.21) (.17) (.17) 
Combine .0076 .0068 .0059 1.41 1.61 1.63 
Wagon, etc. - — — — — — — .50 .50 .50 
Tractor .0232 .0151 .0125 2.41 2.15 2.31 
5.99 6.01 6.20 
(6.11) (6.07) (6.23) 
^^ Igures shovjii in the parentheses are for 30"-î*ow combinations. 
Table 66. Estimated repair cost of selected field operations for corn^  
Operation 
Repair cost per acre, 
Ho of DUi'chase orlce Repair cost per acre ($) 
4-row 6-row 8-row 4-row 6-row 8-row 
Chop stalks .0132 .0091 .0091 .23 .25 .25 
Disk .0299 .0195 .0143 .38 .48 .46 
Plow .0343 .0224 .0196 .47 .44 .47 
H^ row .0070 .0045 .0045 .03 .02 .02 
Plant .0140 
(.0182) ( 
.0091 
.0119) 
.0070 
(.0091) 
.28 
(.36) 
.28 
(.35) 
.26 
(.33) 
Hoe .0105 .0070 .0056 .08 .08 .07 
Cultivate .0198 
(0.264) ( .0132 .0174) 
.0102 
(.0132) 
.26 
(.30) 
.27 
(.25) 
.32 
(.26) 
Combine .0078 
(.01051 ( .0054 .0070) 
.0054 
(.0054) 
1.80 
(2.39) 
1.65 
(2.09) 
1.85 
(1.94) 
Wagon,, etc. — — .50 .50 .50 
Tractor . 0239 
(.0241) ( .0156 .0169) .0130 (.0134) 
2.48 
(2.51) 
6.51 
(7.25) 
2.23 
(2.42) 
6.20 
(6.88) 
2.41 
(2.57) 
6.61 
(6.87) 
'^ Figures showi in the parentheses are for 30"-row combinations. 
190 
Table 67. Estimated repair cost of selected field opera­
tions for oats 
Operation 
Repair cost per acre, 
 ^of purchase price 
4-row 6-row 8-row 
Repair cost per acre 
(&) 
4-row 6-row 8-row 
.38 
.03 
.03 
1.41 
.10 
.48 
.03 
.02 
1.61 
.10 
.46 
.03 
.02 
1.63 
.10 
1.19 
3.43 
Disk 
Seed 
Harrow 
Combine 
Rake 
Bale & 
Haul 
.0299 
.0150 
.0070 
.0076 
.0126 
.0195 
.0150 
.0045 
.0068 
.0126 
.0143 
.0150 
.0045 
.0059 
.0126 
.0062 .0062 .0062 
Table 68. Estimated seed and chemical costs per acre for 
selected crops®-
Corn Soybeans Oats Hay 
Seed $8.00 7.00 3.50 7.25 
Fertilizer and lime 19.25 8.50 5.50 7.50 
Herbicides and insecticides 9.00 6.60 X.XVJ . 50 
Total 36.25 22.10 10.10 15.25 
S^ource: (13). 
Table 69. Fertilizer used on selected Iowa soils®" 
Soil type Corn Soybeans Oats Hay N P K P K N P K P K 
Clarion 190 44 50 22 17 60 35 42 18 50 
Nicollet 190 tn- 50 22 17 60 15 42 18 50 
Webster 200 44 83 22 33 ou 75 18 83 
'^Source: (36). 
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Table 70. Estimated land 
Kossuth farms, 
rent per acre 
respectively 
for the Humboldt and 
Humboldt 
farm 
Kossuth 
farm 
Land price®" #625.00 $600.00 
Interest charge^  50.00 1+8.00 
Tax charge® 12.50 10.70 
Land rent 62.50 58.70 
S^ource: (26). 
I^nterest rate of 8 percent. 
S^ource: (19)= Assessed values are 27 percent of the 
land prices and the tax rates are 73*8 and 6^ .8 mills per 
dollar for Humboldt and Kossuth farm, respectively. 
Table 71. Prices used in budgeting cost functions®' 
Unit 1971-73 1973 prices (w) prices (^ ) 
Corn bu. I.38 I.8I 
Soybeans bu. .^23 6.^ 9 
Oats bu. .77 .9*+ 
Kay ton 22.70 25,80 
Fertilizer, N lb. .09 
Fertilizer, PpOe lb. .08 
Fertilizer, KaO^  lb. .05 
Limestone ton 5.00 
Seed corn bu. 23*50 
Seed oats bu. 1.80 
Soybean seed bu* 5=20 
Alfalfa seed cwt. .61 
DissGl fuel ga. .19 
'^Sources: (31, 20). 
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Table 72. Estimated average number of hours available for 
field work by weeks in North Central Iowa* 
Week Hours per day-
Hours 
per week 
March 22-28 
29-April If 
April 5-11 
12-18 
19-25 
26-May 2 
May 
June 
July 
Aug. 
Sept, 
Oct. 
3- 9 
10-16 
17-23 
24-30 
31-June 6 
7-13 
14-20 
21-27 
28-July If 
5-lla 
12-18 
19-25 
26-Aug. 1 
2- 8 
9-15 
16-22 
23-29 
30-Sept= 5 
6-12 
13-19 
20-26 
27-Oct, 3 
4-10 
11-17 
18-24 
25-31 
1:1 
Ë 6.6 
5.8 
B 
7.1 
6.4 
6.6 
6.6 
7:5 
7.9 
7.6 
7.8 
7.5 
7.0 
7.5 
7.9 
7.5 
7.5 
U 
7.6 
7.6 
;:l 
7.8 
8.1 
&; 
1.1 
4.7 
43.1 
S:l 
49,7 
44.5 
46.3 
!l:l 
52.1 
49.4 
52.6 
S:S 
52.2 
55.0 
56.3 
52.2 
54.7 
54.4 
56.9 
*Basic data obtained from McKee (24) and adjusted on 
the basis of climatologie data (34). 
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Table 72 (Continued) 
Week Hours Hours per day per week 
Nov. 1- 7 8.1 52.9 
8-14 6.4 44.7 
1$-21 6.4 44.7 
22-28 5.6 38.8 
29-Dec. 5 2.7 10.9 
Dec. 6—12 0.4 2.4 
Table 73. Variable costs per acre for selected 30"-row 
machinery combinations in producing corn and 
- soybeans on the Humboldt farm 
a rSs. = — 
corn 
4-30" $7.25 $3.13 $38.06 $ 62.50$10.82 #121.76 
6-30" 6.88 2.81 38.06 62.90 7.86 118.11 
8-30" 6,8? 2.6% 38.06 62.50 6.64 116.70 
4-30",4-30" 7.25 3.13 38.06 62.50 10.62 121.76 
4-30",6-30" 7.06 2.97 38=06 62,50 9.34 119.93 
soybeans 
4-30" $6.11 $2.24 $23.21 $ 62.50 $8.84 $L02.90 
6-30" 6.07 2.14 23.-21 62.50 6.64 100.56 
8-30" 6.23 2.04 23.21 62.50 5.80 99.78 
4-30»,4-30" 6.11 2.24 23^ 21 62,50 8.84 102.90 
4-30".6-30" 6.09 2.19 23.21 62.50 7.74 101.73 
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Table 7^ . Variable costs per acre for selected ^ 0"-row 
machinery combinations in producing corn and 
soybeans on the Humboldt farm 
TuiT Seed, 
S&n - ^awr Total 
corn 
If-IfO" 
6-40" 
8-40" 
4-40",4-40" 
4-40",6-40" 
4-40" 
6-40" 
8-40" 
4-40",4-40" 
4-40",6-40" 
6^.51 
6.20 
6.61 
6.51 
6.35 
.99 
6.01 
6.20 
5.99 
6.00 
$2.75 
2.48 
2.36 
2.75 
2.61 
$36.25 
36.25 
36.25 
36.25 
36.25 
soybeans 
$2.09 
2.00 
1.92 
2.09 
2.05 
$22.10 
22.10 
22.10 
22.10 
22.10 
62,50 $9.46 $117.47 
62.50 6.90 114.33 
62.50 5.40 113-12 
62.50 9.46 117.47 
62.50 8.18 115.89 
62.50 $8.26 $100.94 
62.50 6.26 98.87 
62.50 5.52 98.24 
62.50 8.26 100.94 
62.50 7.26 99.91 
Table 75. Variable costs per acre for selected machinery 
combinations in producing oats and hay on the 
Humboldt farm 
Machinery 
combination 
Machine 
repair 
Fuel 
âlîd 
Seed, J—Lehq 
rent 1-iiÔ O U if 4-JL 
oil & fertilizer 
oats 
4-row 
6-row 
8-row 
4-row,4-row 
4-row,6-row 
3P3.14 
3-^ 3 
3A3 
3.14 
3,28 
$2.08 
2.04 
1-99 
2.08 
2.06 
$10.10 
10.10 
10,10 
10.10 
10,10 
hay-
$ 62.50 
62.50 
62.50 
62.50 
62.50 
$7.98 $ 85.80 
7.28 85.35 
6.94 84.96 
7.98 85.80 
7.63 85.57 
all 
combinations $9.94 $5.35 $15.25 $ 62.50 $21.301114.34 
Source: (20) 
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Table 76. Purchase price of the machines included in the 
4-row machinery combination for the continuous 
corn cropping system 
Machine fgtall 
Tractor, k plow, diesel $10,356 
Plow, ^ -16" 1,380 
Stalk chopper. 12-ft rotary 1,705 
Tandem disk, 12' 1,265 
Harrow, 20' 3^ +5 
Planter, 4-40" (4-30") 1,980 ( 1,980) 
Cultivator, k-hO" (4-30") 1,295 ( 1,150) 
Combine, S.P. 17,103 
Corn head, k-^ -O" (4-30") 5,94-9 ( 5,715) 
Wagon, 200=bu 880 
Elevator, 4-8-ft 1,124-
Total purchase cost 4-3,382 (4-3,003) 
Table 77. Purchase price of the machines included in thé 
6-row machinery combination for the continuous 
corn cropping system 
Machine %%% 
Tractor, 6 plow $14-,254-
Flow, 6-16" i;968 
Stalk chopper, l8-ft rotary 2,705 
Tandem disk, 18' 2,4-85 
Harrow, 30' 4-03 
Planter, 6-^ 0" (6-30") 3,082 ( 2,970) 
Cultivator, 6-4-0" (6-30") 2,017 ( 1,^ 26) 
Combine, S » P. 22,191 
Corn head. 6-4-0" (6-30") 8,324- ( 7,720) 
Wagon. 300-bu 1.320 
Elevator, 4-8-ft 1^ 124-
Total purchase cost 59,873 (58,566) 
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Table 78. Purchase price of the machines included in the 
8-row macninerycombination for the continuous 
corn cropping system 
Machine %%% 
Tractor, 8 plow $18,532 
Plow, 7-16" 2,415 
Stalk chopper, l8-ft 2,705 
Tandem disk, 2^ ' 3,250 
Harrow, 30' 0^3 
Planter, 8-40" (8-30") 3,838 ( 3,640) 
Cultivator, 8-40" (8-30") 3,1^ 8 ( 1,988) 
Combine, S.P. 25,992 
Corn head. 6-40" (8-30") 8,324 (10,036) 
Wagon, 300-bu 1,320 
Elevator 1,124 
Total purchase cost 71,051 (71,405) 
Table 79» Purchase price of the machines included in the 
4-row,4-row machinery combination for the con­
tinuous corn cropping system 
Machine %%% 
Tractor, 4-plow 
Tractor, 4-piow 
Plow, 4-16" 
Plow, 4-16" 
Stalk chopper, 12-ft 
Stalk chopper, 12-ft 
Tandem disk, ±2' 
Tandem disk, 12' 
Harrow, 30=^ *^  
Planter, 4-40" (4-30") 
Planter, 4-40" (4-30") 
Cultivator, 4-40" (4-30") 
Cultivator, 4-40" (4-30") 
Combine, S.P. 
Combine, S.P. 
«10,356 
10,356 
1,380 
1,380 
m 
1,265 
40^  
1,980 ( 
1J98O ( 
1,980) 
1,980) 
1,295 ( 
1,295 ( 
17,103 
17,103 
1,150) 
1,150) 
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Table 79 (Continued) 
«achlne %%% 
Corn head, 4-4-0" (4-30") 5,94-9 ( 5,715) 
Corn head, 4-4-0" (4-30") 5,94-9 ( 5,715) 
Wagon, 300-bu 1,320 
Elevator 1,124-
Total purchase cost 86,293 (85,535) 
Table 80. Purchase price of the machines included in the 
4-row,6-row machinery combination for the con­
tinuous corn cropping system 
Machine Average retail price ($) 
Tractor, 4- plow 
Tractor, 6 plow 
Plow, 4-16" 
Plow, 4=16" 
$10,356 
14,254 
1,380 
1,968 
Stalk chopper, 12-ft 
Stalk chopper, 18-ft 
Tandem disk, 12' 
Tandem disk, l8' 
1,705 
2,705 
1,265 
2|485 
Harrow, 20' 
Harrow, 30' 
Planter, 4-40" (4-30") 
Planter, 6-40" (6-30") 
345 
403 
1,980 
3,082 
( 1,980) 
( 2,970) 
Cultivator, 4-40" (4-30") 
Cultivator, 6-40" (6-30") 
Combine, S.P. 
Combine, S.P. 
1,295 
2,017 
17,103 
22,191 
! i;il8 
Corn head, 4-40" (4-30") 
Corn head, 6-40» (6-30") 
Wagon. 300-bu 
Elevator 
I'M 
I'M 
( 5.715) 
( 7;720) 
Total purchase cost 101,251 (99,565) 
